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(54) Oxygen sensor 

(57) An oxygen sensor ( 1 ) is constituted by a ceram- 
ic separator (18) being placed so that the rear thereof 
enters the inside of a filter holding part (5 1 ) and the front 
enters the inside of a casing (10) and formed with a plu- 
rality of lead insertion holes (72) axially penetrating the 
ceramic separator ( 1 8) and an elastic seal member ( 1 7) 
being fitted elastically into a rear opening of the filter 
holding part (51) and having seal lead insertion holes 
(91) for inserting leads (20. 21) for sealing the gap be- 
tween the outer faces of the leads and the inner face of 
the filter holding part (51 ). The rear end face of the ce- 
ramic separator (18) is positioned on the rear side be- 
hind a gas introduction hole (52) in the axial direction 
and a predetermined gap (98) is formed between the 
elastic seal member (1 7) and the ceramic separator (18) 
at least at the lead insertion position. 



FIG. 1 
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Description 

[0001] The present invention relates to an oxygen 
sensor for detecting the oxygen concentration in ex- 
haust gas in an internal combustion engine, for exam- 
ple, or an oxygen sensor for detecting oxygen in a pre- 
determined aas. 

[0002] In recent vears. various oxygen sensors used 
for air fuei ratio control, etc.. in internal combustion en- 
gines of automobile engines, etc.. have been devel- 
oped. Especially high-performance, long-life oxygen 
sensors for detecting the oxygen concentration in ex- 
haust gas have also been finding increasing demand to 
cope with environmental protection problems of air pol- 
lution, etc., caused by exhaust gases. 
[0003] For example, representative one of such oxy- 
gen sensors widely used has a structure wherein an ox- 
ygen sensino element formed like a hollow shaft closed 
at the tip made of an oxygen ion conductive solid elec- 
trolyte of Zr0 2 , etc.. is housed in a cylindrical casing, the 
outer face of the tip of the oxygen sensing element is 
brought into contact with a detected atmosphere, and 
air as a reference gas is introduced into the space ms.de 
the oxygen sensing element for measuring the oxygen 
concentration in the detected atmosphere based on an 
oxygen concentration cell electromotive force occurring 
in the sensing element. 

[0004] By the way. to install an oxygen sensor as de- 
scribed above in an automobile, the oxygen sensor of- 
ten is attached to an exhaust pipe, etc.. near a tire of 
the vehicle, for example, in addition to an engine room. 
In such a situation, the oxygen sensor is exposed to a 
considerable hostile environment in which it receives a 
jet of water drops at the rainy driving time, at the washing 
time. etc.. dirt of oil. etc., is deposited on the oxygen 
sensor or the oxygen sensor receives shock of jumped- 
up pebbles, etc. In this case, to protect the oxygen sens- 
ing element from water drop and dirt deposition, a highly 
strong and highly sealed structure as much as possible 
must be adopted as the structure of the casing housing 
the oxygen sensing element. However, air as the sens- 
,ng element reference gas needs to be introduced into 
the casing and thus a communication section with the 
outs.de must always be provided. That is, to operate the 
oxygen sensor stably over a long term under a hostile 
environment, contradictory problems of enhancing fluid 
sealability of water, etc., at a given level or more and 
providing permeability need to be solved at the same 
time To meet such a demand, for example, Japanese 
Patent Laid-Open No. Hei 8-201338 discloses an oxy- 
gen sensor of a structure wherein an air hole is made in 
a casing and is covered with a water repellent filter, 
whereby ventilation is allowed while the entry of water 
drops etc . is blocked. In the oxygen sensor, generally 
a ceramic separator is placed in the casing and leads 
from the oxygen sensing lement or a heating element 
for heating the oxygen sensing element are passed 
through lead insertion holes as a structure for drawing 



out the leads from the casing. Such a ceramic separator 
prevents or suppresses a short circuit between the leads 
or terminals following the leads, for example. Each lead 
extends from a rear opening of the casing to the outside 

= and the space between the lead and the opening is 
sealed by an elastic seal member of a rubber tap. etc., 
fitted into the opening. Normally, lead insertion holes 
made in the ceramic separator and the elastic seal 
member are formed so that their centers are arranged 

io on a phantom circumferential path (pitch circle). 

[0005] In the disclosed oxygen sensor, the leads are 
inserted into the elastic seal member and the ceramic 
separator at different pitch circle diameters and to ab- 
sorb the pitch circle diameter differences, a compara- 

15 tively large gap is formed between the elastic seal mem- 
ber and the ceramic separator. A ventilation structure 
consisting of an air hole and a water repellent filter for 
covering the air hole is provided corresponding to the 
gap position. 

20 [0006] However, in the disclosed oxygen sensor, the 
ventilation structure containing the water repellent filter 
is formed corresponding to the gap between the elastic 
seal member and the ceramic separator, thus if a strong 
impulse force acts on the part, there is a possibility that 
25 the casing will be largely deformed at the position cor- 
responding to the gap. In this case, it is feared that a 
cylindrical member fixing and sealing the filter from the 
outside, for example, by crimping may loosen because 
of the deformation of the casing, that the filter seal may 
30 be broken, and that water drops, etc.. may bypass the 
filter and enter the casing through the air hole. Since 
nothing blocks the way of leaked water drops in the prox- 
imity of the air hole, the probability is also high that water 
drops will leak into the oxygen sensing element through 
35 a through hole, etc., made in the axial direction of the 
ceramic separator, for example. 
[0007] It is an aim of the invention to provide an oxy- 
gen sensor having a structure in which a seal of a filter 
forming a ventilation structure is hard to break although 
40 a predetermined gap is formed between an elastic seal 
member and a ceramic separator. 
[0008] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 
like a shaft: a cylindrical casing for housing the oxygen 
45 sensing element: and a cover member being placed co- 
axially with the casing so that an inside of the cover 
member communicates with the casing and coupled to 
the casing from an axial rear: wherein the cover member 
is placed so as to overlap the casing on an axial front of 
so the cover member from an outside: further where- 
in the overlap is formed with:a main crimp part being 
form d annulariy in a circumferential direction of the 
cover member and the casing by crimping the cov r 
member toward the casing: and a rotation prevention 
55 part for preventing the cover memb r and the casing 
from relatively rotating around the axis of th cov r 
member and the casing in the annular main crimp part. 
[0009] An oxygen sensor according to the present m- 
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vneuon comprises: an oxygen sensing element shaped 
like a shaft: a cylindrical casing for housing the oxygen 
sensing element: a ceramic separator being placed co- 
axially with the casing, supported directly or indirectly 
via a member in a casing support Dart formed at a rear s 
end of the casing, and formed with a plurality of lead 
insertion holes axially penetrating the ceramic separator 
for inserting leads from the oxygen sensing element: a 
cover member being placed coaxially with the casing 
and coupled to the casing from a rear with the ceramic io 
separator covered from an outside while allowing the 
leads to extend to the rear outside of the cover member: 
and a metal elastic member being placed at least be- 
tween the cover member and the ceramic separator or 
between the casing support part and the ceramic sepa- is 
rator in a compression state for producing a sandwich 
retaining force for the ceramic seoarator between the 
cover member and the casing support part. 
[001 0] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 20 
like a shaft: a cylindrical casing for housing the oxygen 
sensing element: a gas introduction structure having a 
filter holding part making a cylindrical form coaxial with 
the casing on a rear of the casing, having an inside com- 
municating with the casing, and being formed in a wall 25 
with one or more gas introduction holes and a filter being 
placed so as to block the gas introduction hole or holes 
of the filter holding pan for rejecting permeation of liquid 
and allowing gas to pass through, the gas introduction 
structure for introducing outside air into the casing 
through the filter and the gas introduction hole or holes: 
and a protective cover being formed like a cylinder for 
covering the gas introduction structure from an outside 
thereof for blocking or suppressing a direct jet of liquid 
drops to the filter or deposition of deposits of oil, dirt, 
etc.. on the filter. 

[001 1 ] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 
like a shaft: a cylindrical casing for housing the oxygen 
sensing element: a gas introduction structure compris- 
ing a filter holding part making a cylindrical form almost 
coaxial with the casing on a rear of the casing, having 
an inside communicating with an inside of the casing, 
and being formed in a wall with one or more gas intro- 
duction holes, a filter being placed so as to block the gas 
introduction hole or holes on an outside of the filter hold- 
ing part for rejecting permeation of liquid and allowing 
gas to pass through, and an auxiliary filter holding part 
being termed like a cylinder placed on an outside of the 
filter and formed in a wall with one or more auxiliary gas 50 
introduction holes for sandwiching the filter between the 
auxiliary filter holding part and the filter holding part, for 
introducing outside air into the casing through the aux- 
iliary gas introduction hole, th filter, and the gas intro- 
duction hole: wherein the filter comes in intimate contact S5 
with an inner face of the auxiliary filter holding part at 
least in surroundings of the auxiliary gas introduction 
hole ano 3 predetermined gap is formed between the 
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outer face of the filter holding part and the filter at least 
in surroundings of the gas introduction hole. 
[001 2] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 
like a shaft: a cylindrical casing for housing the oxygen 
sensing element: a filter assembly being placed almost 
coaxially with the casing as a cylindrical body separate 
from the casing and coupled to the casing from a rear 
while allowing leads from the oxygen sensing element 
to extend to the rear outside of the filter assembly: and 
a coupling part for coupling the filter assembly and the 
casing, wherein the filter assembly comprises: a filter 
holding part making a cylindrical form almost coaxially 
coupled to the casing from a rear of the casing, having 
an inside communicating with an inside of the casing, 
and being formed in a wall with one or more gas intro- 
duction holes: a filter being placed so as to block the gas 
introduction hole or holes in the filter holding part from 
an inner or outer face side for rejecting permeation of 
liquid and allowing gas to pass through, and an auxiliary 
filter holding part for fixing the filter to the filter holding 
part, outside air introducing into the casing through the 
filter and the gas introduction hole. 
[001 3] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 
like a hollow shaft with a tip closed: a shaft-like heating 
element being placed in the hollow part of the oxygen 
sensing element for heating the oxygen sensing ele- 
ment: a cylindrical casing for housing the oxygen sens- 
ing element: and a ceramic separator being placed al- 
most coaxially with a rear end of the oxygen sensing 
element and formed with a plurality of lead insertion 
holes axially penetrating the ceramic separator for in- 
serting leads from the oxygen sensing element and the 
heating element: wherein the lead insertion holes are 
arranged so as to surround a center axis of the ceramic 
separator: the ceramic separator is formed with a heat- 
ing element end housing hole opened at one end in the 
front end face of the ceramic separator with a bottom 
positioned in an axial intermediate part of the ceramic 
separator and an inner diameter set larger than an outer 
diameter of the heating element, the heating element 
end housing hole being formed by cutting away a center 
of the ceramic separator so as to overlap the separator 
lead insertion holes from the inside and the rear end part 
of the heating element being housed in the heating ele- 
ment end housing hole: and the heating element is offset 
so that a center axis thereof is one-sided with respect 
to a center axis of the hollow part of the oxygen sensing 
element in the proximity of a heating part of the heating 
element. 

[001 4] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 
lik a shaft: a cylindrical casing for housing the oxyg n 
sensing el ment: a ceramic separator being plac d in 
th casing and formed with a plurality of lead ins rtion 
holes axially penetrating the ceramic separator for in- 
serting leads from the oxygen sensing element: and an 
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elastic seal member being coaxially integrated with a 
rear opening or a rear of the casing and having an inside 
fitted elastically into an inside of a different cylindrical 
body communicating with the casing and seal lead in- 
sertion holes for inserting the leads for sealing a gap 
between outer faces of the leads and an inner face of 
the casing or the different cylindrical body: wherein an 
axial rear end face of the ceramic separator adheres 
closely to an axial front end face of the elastic seal mem- 
ber that the ceramic separator is formed with a ventila- 
tion communication part axially penetrating the ceramic 
separator, and that an opening of the ventilation com- 
munication part on a side near to the elastic seal mem- 
ber in the axial direction is made at a position where the 
opening is not shielded by the elastic seal member. 
[001 5] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 
like a shaft: a cylindrical casing for housing the oxygen 
sensing element: a gas introduction structure compris- 
ing a filler holding part making a cylindrical form almost 
coaxial with the casing on a rear of the casing, having 
an inside communicating with an inside of the casing, 
and being formed in a wall with one or more gas intro- 
duction holes, a filter being placed so as to block the gas 
introduction hole or holes on an outside of the filter hold- 
ing part for rejecting permeation of liquid and allowing 
gas to pass through, and an auxiliary filter holding part 
being formed like a cylinder placed on an outside of the 
filter and formed in a wall with one or more auxiliary gas 
introduction holes for sandwiching the filter between the 
auxiliary filter holding part and the filter holding part, for 
introducing outside air into the casing through the aux- 
iliary gas introduction hole, the filter and the gas intro- 
duction hole: wherein the filter holding part has an axial 
front relative to a stepped part formed in an axial inter- 
mediate part of the filter holding part as a first portion 
and a rear as a second portion so that the second portion 
,s made smaller in diameter than the first portion, the 
gas introduction hole being made in a wall of the second 
portion- the auxiliary filter holding part is placed so as to 
spread across the first and second portions of the filter 
holding part: a main coupling part for coupling the filter 
holding part and the auxiliary filter holding part to each 
other with the filter between is formed at a position cor- 
responding to the second portion: and an auxiliary cou- 
pling part for coupling the filter holding part and the aux- 
iliary filter holding part to each other is formed at a po- 
sition corresponding to the first portion. 
[0016] An oxygen sensor according to the present in- 
vention comprises: an oxygen sensing element shaped 
like a shaft: a cylindrical casing for housing the oxygen 
sensing el ment: a gas introduction structure having a 
filter holding part making a cylindrical form almost coax- 
ial with the casing on a rear of the casing, having an 
insid communicating with an inside of the casing, and 
being formed in a wall with on or more gas introduction 
holes and a filter being placed so as to block the gas 
introduction hole or holes of the filter holding part for re- 



jecting permeation of liquid and allowing gas to pass 
through, the gas introduction structure for introducing 
outside air into the casing through the filter and the gas 
introduction hole or holes: a ceramic separator being 

s placed so that a rear thereof enters the inside of the filter 
holding part in an axial direction of the oxygen sensing 
element and a front enters the inside of the cas:ng and 
formed with a plurality of lead insertion holes axially pen- 
etrating the ceramic separator for inserting leads from 

70 the oxygen sensing element: and an elastic seal mem- 
ber being fitted elastically into a rear opening of the filter 
holding part and having seal lead insertion holes for in- 
serting the leads for sealing a gap between outer faces 
of the leads and an inner face of the filter holding part: 

15 wherein an rear end face of the ceramic separator is po- 
sitioned on the rear side behind the gas introduction hole 
in the axial direction and a predetermined gap is formed 
between the elastic seal member and the ceramic sep- 
arator at least at the lead insertion position. 

20 [0017] The present invention will be further described 
below with reference to exemplary embodiments and 
the accompanying drawings, in which: 

FIG. 1 is a longitudinal sectional view of an oxygen 
2B sensor as one embodiment of the invention: 

FIG . 2 is a sectional view of neighbourhood of a con- 
tact part between a heating part and an oxygen 
sensing element in FIG. 1 on an enlarged scale: 
FIG. 3 is a sectional view of the main part in FIG. 1 
30 on an enlarged scale: 

FJGs. 4A to 4E are fragmentary frontal sectional 
views of a filter assembly: 

FIGS. 5A to 5D are schematic representations of an 
assembling process of the filter assembly: 
35 FIGs. 6A to 6C are schematic representations of a 
crimping method: 

FIG. 7 is a sectional plan view of a crimp part be- 
tween the filter assembly and a protective cover and 
its partially enlarged view: 
40 FIG. 8 is a partially enlarged longitudinal sectional 
view: 

FIG. 9 is a longitudinal sectional view of a structure 
in which the front end of the protective cover is ex- 
tended: 

as FIG. 10 is an illustration to show an example of a 
metal elastic member: 

FIG. 11 is an enlarged view of an assembly coupling 
crimp part and sectional views taken on line B-B and 
line C-C in the figure: 

so FIGs. 1 2A and 1 2B are schematic representations 
of the effects of a main crimp part and an auxiliary 
crimp part in the assembly coupling crimp part: 
FIG. 1 3 is a sectional plan view to show a modified 
example of a rotation prev ntion part: 

55 FIGs. 1 4A to 1 4E are schematic repr sentations of 
an assembling process of the oxygen sensor in FIG. 



FIGs. 15A to 15C are a conceptual drawings of a 
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crimping device: 

FIG *S is a scnematic plan view to show the main 
part of the crimping device: 

FIGs. 1 7A to 1 7B are schematic sectional views to 
show the main part of the crimping device: s 
FIGs. 18A to 18E are schematic representations of 
a ceramic separator: 

FIGs. 1 9A to 1 9C are perspective views to show the 
ceramic separator and modified examples thereof: 
FIG. 20 is a longitudinal sectional view to show the 10 
main part of the oxygen sensor using the ceramic 
seDarator in FIG. 19c: 

FIGs. 21 A to 21 C are schematic representations to 
show positional relationship between a heating el- 
ement end housing hole and separator lead inser- J * 
tion holes in the ceramic separator: 
FIGs. 22A to 22C are schematic representations of 
an elastic seal member: 

FIGs. 23A to 23C are perspective views to show the 
elastic seal member and modified examples there- 20 

of: 

FIG. 24 is a longitudinal sectional view to show the 
main part of the oxygen sensor using the elastic 
seal member in FIG. 23b: 

FIG. 25 is a longitudinal sectional view to show the 25 
mam part of the oxygen sensor using the elastic 
seal member in FIG. 23c: 

FIGs. 26A to 26B are drawings to show a discrete 
state of a terminal metal shell in FIG. 1 : 
FIGs. 27A to 27C are drawings to show an assem- 30 
bly of fitting the terminal metal shell into the heating 
element in FIG. 1: 

FIGs. 28A and 28B are partially sectional views to 
show the concept of the main part in FIG. 2 and a 
partially sectional view of a control example: 35 
FIGs. 29A and 29B are a drawing to show an ex- 
ample of the heating part in FIG. 1 : 
FIGs. 30A to 30C are conceptual drawings to de- 
scribe a part of the effect of the oxygen sensor in 
FIG. 1 in comparison with a reference example: 40 
FIG. 31 is a longitudinal sectional view to show a 
first modified example of the oxygen sensor in FIG. 
1: 

FIG. 32 is a longitudinal sectional view to show a 
second modified example of the oxygen sensor in 45 
FIG. l: 

FIG. 33 is a partially sectional view to show the con- 
cept of the proximity of a heating element in FIG. 32: 
FIG. 34 is a longitudinal sectional view to show a 
third modified example of the oxygen sensor in FIG. so 
1: 

FIGs. 35A and 35B are drawings to show a discrete 
state of a terminal metal shell in FIG. 34: 
FIGs. 36A to 36E ar drawings to show an example 
of a plate-like metal member to manufacture the ter- S5 
minal metal shell in FIG. 35: 

FIG 37 is a longitudinal sectional view to show a 
fourth modified example of the oxygen sensor in 



FIG. 1: 

FIGs. 38A to 38C are drawings to show a discrete 
state of a terminal metal shell in FIG. 37: 
FIG. 39 is a drawing to show bombastically the ef- 
fect of the terminal metal shell in FIG. 37: 
FIG. 40 is a longitudinal sectional view to show a 
fifth modified example of the oxygen sensor in FIG. 
1 : 

FIG. 41 is a longitudinal sectional view to show a 
sixth modified example of the oxygen sensor in FIG. 

1 : 

FIG. 42 is a longitudinal sectional view to show an 
example of forming a buffer support part as a spring 
part: 

FIGs. 43A to 43E are schematic representations of 
an assembling process of the spring pat in FIG. 42: 
FIG. 44 is a longitudinal sectional view to show an 
example of forming a buffer support part as a low- 
hardness part: and 

FIG. 45 is a longitudinal sectional view to show an 
example of forming an auxiliary filter holding part so 
as to spread across a stepped part of a filter holding 
part. 

[001 8] An oxygen sensor of the invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 
ement, and a gas introduction structure for introducing 
outside air into the casing. The gas introduction struc- 
ture has a filter holding part making a cylindrical form, 
almost coaxial with the casing on the rear of the casing, 
having an inside communicating with the inside of the . 
casing, and being formed in a wall with one or more gas 
introduction holes and a filter being placed so as to block 
the gas introduction hole or holes of the filter holding 
part for rejecting permeation of liquid and allowing gas 
to pass through, for introducing outside air into the cas- 
ing through the filter and the gas introduction hole or 
holes. The oxygen sensor further constituted by a ce- 
ramic separator being placed so that the rear thereof 
enters the inside of the filter holding part in the axial di- 
rection of the oxygen sensing element and the front en- 
ters the inside of the casing and formed with a plurality 
of lead insertion holes axially penetrating the ceramic 
separator for inserting leads from the oxygen sensing 
element and an elastic seal member being fitted elasti- 
cally into a rear opening of the filter holding pan and 
having seal lead insertion holes for inserting the leads 
for sealing the gap between the outer faces of the leads 
and the inner face of the filter holding part. The rear end 
face of the ceramic separator is positioned on the rear 
side behind the gas introduction hole in the axial direc- 
tion and a pr d termined gap is formed betw en th 
elastic seal member and the ceramic separator at I ast 
at the lead insertion position. Throughout th specifica- 
tion, the side toward the tip in the axial direction of th 
oxygen sensing element is assumed to be "front" and 
the side toward the opposite direction is assumed to b 
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"rear. " 

[0019] According to the structure of the oxygen sen- 
sor, a predetermined gap is formed between the elastic 
seal member and the ceramic separator. Thus, for ex- 
ample, if they differ in pitch circle diameter of the lead 
insertion holes, the diameter difference is absorbed in 
the gap and the leads are hard to strongly bend and in 
turn damage to the leads, breaking of the leads, etc.. is 
hard to occur at the sensor assembling time. etc. The 
filter for rejecting permeation of liquid and allowing gas 
to pass through is used to form a cart of the gas intro- 
duction structure, so that water drops, etc.. are prevent- 
ed from entering the casing and outside air as a refer- 
ence gas can be sufficiently introduced into the casing. 
The ceramic separator is placed so as to enter the filter 
holding part so that the rear end face is positioned be- 
hind the gas introduction holes. Thus, if an external 
strong shock is added to the gas introduction structure 
the inside ceramic separator receives the shock, so that 
the filter holding part is prevented from becoming largely 
deformed and in turn a problem of impairing the filter 
seaiability also becomes hard to occur. Further, the rear 
end face position of the ceramic separator is set behind 
the gas introduction hole. If water drops, etc enter the 
gas introduction structure through the gas introduction 
hole, the ceramic sensor blocks the way of the water 
drops. Thus, the water drops, etc.. become harder to 
flow into the casing. The reference gas flowing in 
through the gas introduction hole can be introduced into 
the casing through the ventilation groove and the 
through hole for ventilation without a hitch. 
[0020] A water-proof and breathable filter made of a 
porous resin molded article of fluorine-family resin, such 
as polytetrafluoroethylene, can be used as the filter in 
the invention. Specifically, for examole. a filter using a 
porous fiber structure provided by extending a poly- 
tetrafluoroethylene (PTFE) uncalcined molded article in 
a one-axis direction or directions of two or more axes at 
a heating temperature lower than the PTFE melting 
point (for example. Japanese Patent Publication Nos. 
Sho 42-13560. Sho 51-18991. Sho 56-45773. Sho 
56-17216, Japanese Patent Laid-Open Nos. Sho 
58-145735. Sho 59-152825, Hei 3-221541, Hei 
7-1 26428. Hei 7-1 95831 . etc.. for example. Goretex (Ja- 
pan Goretex (Kabu) as trade name) can be used. 
[0021] In the structure of the oxygen sensor, the ce- 
ramic separator can be formed with a ventilation com- 
munication part axially penetrating the ceramic separa- 
tor for introducing gas into the inside of the casing from 
the gap side in addition to the separator lead insertion 
holes, so that outside air as the reference gas intro- 
duced through the filt r can be smoothly introduced into 
the casing from the rear end face side of the ceramic 
separator through the ventilation communication part. 
Thus, more stable oxygen sensor output can be provid- 
ed. 

[0022] Next, the oxygen sensing element can be 
formed like a hollow shaft with the tip closed and a shaft- 



10 

like heating element for heating the oxygen sensing el- 
ement can be placed in the hollow part. In this case, the 
ceramic separator can have the three or more separator 
lead insertion holes for inserting the leads from the ox- 

5 ygen sensing element and the heating element so that 
the centers of the lead insertion holes are positioned on 
a phantom circumferential path (separator pitch circle) 
and the elastic seal member can have the three or more 
seal lead insertion holes for inserting the leads from the 

io oxygen sensing element and the heating element so 
that the centers of the lead insertion holes are positioned 
on a phantom circumferential path (seal pitch circle). 
The separator pitch circle and the seal pitch circle can 
be set so that the diameter of one is larger than that of 

15 the other 

[0023] Next, the elastic seal member can be formed 
on the front end face with a gap definition projection 
whose tip abuts the rear end face of the ceramic sepa- 
rator for defining the size of the gap. According to the 

20 structure the elastic seal member abuts the ceramic 
separator in the gap definition projection, so that the ce- 
ramic separator can be fixed more stably. Since the gap 
to be formed can be determined automatically in re- 
sponse to the height of the gap definition projection, bur- 

25 densome gap adjustment is not required and there is no 
fear of change in the gap size after the elastic seal mem- 
ber is fitted. 

[0024] The gap definition projection can be formed in 
an area of the front end face of the elastic seal member, 
30 positioned inside the seal lead insertion holes arranged 
on the seal pitch circle. In this structure, the gap defini- 
tion projection is formed almost at the center of the front 
end face of the elastic seal member, thus a stable abut- 
ment state against the ceramic separator can be provid- 
es ed and in turn a position shift, inclination, etc., intheaxial 
direction of the elastic seal member is hard to occur. In 
this case, if the diameter of the separator pitch circle is 
larger than that of the seal pitch circle, the abutment ar- 
ea of the gap definition projection against the rear end 
40 face of the ceramic separator can be easily provided at 
a position surrounded by the separator lead insertion 
holes. 

[0025] On the other hand, the elastic seal member 
may be formed in the rear end margin with a flange part 

45 projecting outwardfrom the outer peripheral surface and 
may abut the rear end face of the filter holding part in 
the flange part, whereby the front end face position of 
the elastic seal member in the filter holding part, namely, 
the gap may be defined. In the structure, the elastic seal 

so member is not formed with the gap definition projection. 
Thus, the structure is effective, for example, if the sep- 
arator pitch circl diameter is small and a sufficient 
spac for gap definition projection contact cannot be 
provided in an area surrounded by th separator lead 

55 insertion holes. 

[0026] Referring now to th accompanying drawings, 
there are shown preferred embodiments of the inven- 
tion. 
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[0027] An oxygen sensor 1 shown in FIG. 1 is formed 
of an oxygen sensing element 2 of a solid electrolyte 
member formed like a hollow shaft closed at the tip and 
a heating element 3 of a ceramic heater like a shaft it 
is formed as an assembly of various members making 5 
up a crust of the oxygen sensing element 2 and the heat- 
ing element 3. The oxygen sensing element 2 is made 
of a solid electrolyte having oxygen ion conductivity. 
Zr0 2 provided by solidly solving CaO or Y 2 0 3 is repre- 
sentative as such a solid electrolyte. A solid solution of 10 
Zr0 2 and an oxide of any other alkali earth metal or rare 
earth metal may be used. Zr0 2 used as a base may con- 
tain Hf0 2 . 

[0028] The oxygen sensing element 2 is formed on 
the intermediate part outside with insulators 6 and 7 is 
formea of insulating ceramics and a metal casing 1 0 via 
ceramic powder 8 formed of talc and pierces in a state 
in which it is electrically insulated from the casing 10. 
The casing 10 is constituted by a main body metal shell 
9 having a screw part to attach the oxygen sensor 1 to 20 
an attachment part of an exhaust pipe, etc., and a main 
cylinder 14 connected so that the inside thereof com- 
municates with oneopening of the main body metal shell 
9. As shown in FIG. 2. the oxygen sensing element 2 is 
formea on the inside and outside with a pair of electrode 2s 
layers 2b and 2c so as to almost fully cover the inside 
and outside. The electrode layers 2b and 2c are formed 
as porous electrodes, such as Pt porous electrodes, 
each having a reversible catalyst function (oxygen dis- 
sociation function) for an oxygen molecule dissociation 30 
reaction to pour oxygen into the solid electrolyte forming 
the oxygen sensing element 2 and an oxygen rebonding 
reaction to cause oxygen to be released from the solid 
electrolyte. 

[0029] Next, the main body metal shell 9 is formed in 3$ 
one opening with a protector 11 so as to cover the tip of 
the oxygen sensing element 2 in a predetermined space 
therebetween and the protector 1 1 is forme with gas per- 
meation ports 12 for allowing exhaust gas to pass 
through, v/hereby oxygen in the exhaust gas can come *o 
in contact with the tip surface of the oxygen sensing el- 
ement 2. In an opposite opening of the main body metal 
shell 9. the main cylinder 14 is crimped via a ring 15 
between the main cylinder 14 and the insulator 6 and 
furthermore, a filter assembly 16 (gas introduction struc- *s 
ture) shaped like a hollow cylinder as a whole is fitted 
into the main cylinder 14 from the outside. An opening 
of the filter assembly 16 at the upper end in the figure 
is sealed with an elastic seal member 1 7 made of rubber, 
etc. A ceramic separator 18 is placed furthermore in- so 
ward. Leads 20 and 21 for the oxygen sensing element 
2 and leads 28 and 29 (in FIG. 21 (hidden by the leads 
20 and 21 in FIG. 1)) for the heating element 3 are 
placed so as to penetrat the ceramic separator 1 8 and 
th lastic seal member 1 7. 55 
[0030] The I ad 20 for th oxygen sensing lement 2 
is electrically connected to the inner electrode layer 2c 
(FIG. 2) of the oxygen sensing element 2 through a con- 



nector part 24 of a terminal metal shell 23. a leader line 
part 25 (covered with an insulating tube 25a. which may 
be omitted) following the connector part 24. and an in- 
ternal electrode connection part 26 of the terminal metal 
shell 23. On the other hand, the lead 21 is electrically 
connected to an outer electrode layer (not shown) of the 
oxygen sensing element 2 through a connector part 34 
of a terminal metal shell 33, a leader line part 35 follow- 
ing the connector part 34. and an external electrode con- 
nection part 35b. A pair of positive and negative heater 
terminal parts 40 for energizing the heating element 3 
is fixed to a base end part (upper end part in FIG. 1) of 
the heating element 3 and a heating resistance circuit 
(described later) buried in the heating element 3 is en- 
ergized through the heater terminal parts 40. The leads 
28 and 29 for the heating element 3 are connected to 
the heater terminal parts 40. 

[0031] Next, the structure of the filter assembly 1 6 will 
be discussed in detail. Throughout the specification, the 
side toward the tip in the axial direction of the oxygen 
sensing element 2 (closed side) is assumed to be "front" 
and the side toward the opposite direction is assumed 
to be •rear." 

[0032] As shown in FIG. 3, the filter assembly 16 is 
made of a filter holding part 5 1 making a cylindrical form 
almost coaxially coupled to the main cylinder 14 (casing 
10) from the rear outside, having an inside communicat- 
ing with the inside of the main cylinder 14, and being 
formed in a wall with gas introduction holes 52. A cylin- 
drical filter 53 for blocking the gas introduction holes 52 
is placed on the outside of the filter holding part 51 . Fur- 
ther, placed on the outside of the filter 53 is a cylindrical 
auxiliary filter holding part 54 formed in a wall with one 
or more auxiliary gas intrpduction holes 55. the filter 53 
being sandwiched between the auxiliary filter holding 
part 54 and the filter holding part 51. Specifically, the 
gas introduction holes 52 and the auxiliary gas introduc- 
tion holes 55 are made with a predetermined spacing 
along the circumferential direction in positional relation 
corresponding to each other in the axial intermediate 
part with respect to the filter holding part 5 1 and the aux- 
iliary filter holding part 54 and the filter 53 is placed so 
as to surround the filter holding part 51 in the circumfer- 
ential direction. 

[0033] The filter holding part 51 is made of a first por- 
tion 61 in the axial front and a second portion 62 in the 
axial rear relative to a stepped part 60 formed in the axial 
intermediate part of the filter holding part 5 1 with the sec- 
ond portion 62 being smaller in diameter than the first 
portion 61. The gas introduction holes 52 are made in 
the walls of the second portion 62. Further, the auxiliary 
filter holding part 54 has an inner diameter smaller than 
th outer diameter of th first portion 61 of the filter hold- 
ing part 51. 

[0034] Here, the filt r 53 is mad of a porous fib r 
structure provided by extending a polyt trafluoro thyl- 
ene (PTFE) uncalcined molded article in a one-axis di- 
rection or directions of two or more axes at a heating 
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temperature lower than the PTFE melting point (for ex- 
ample, Goretex (Japan Goretex (Kabu) as trade name), 
for example, as a water repellent filter for rejecting per- 
meation of liquid with water of water drops, etc.. as the 
main component and allowing gases of air. water vapor, 
etc.. to pass through, whereby air {outside air) as a ref- 
erence gas is introduced into the main cylinder 14 (cas- 
ing 10) through the auxiliary gas introduction holes 55. 
the filter 53. and the gas introduction holes 52 and the 
entry of water in a liquid state such as water drops is 
blocked. 

[0035] As shown in FIGs. 4A to 4C. the filter 53 ad- 
heres closely to the inner face of the auxiliary filter hold- 
ing part 54 and a predetermined gap 58 is made so as 
to form an annular form along the row of the auxiliary 
gas introduction holes 55, for example, between the out- 
er face of the filter holding part 51 and the filter 53. Fur- 
ther the auxiliary filter holding part 54 is formed with an- 
nular filter crimp parts 56 and 57 for coupling the auxil- 
iary filter holding part 54 to the filter holding part 51 via 
the filter 53 on both sides of the axial direction with the 
row of the auxiliary gas introduction holes 55 arranged 
in the circumferential direction between. 
[0036] Here, the auxiliary filter holding part 54 is 
placed so that the axial rear margin thereof is positioned 
corresponding to the rear margin of the filter 53. and the 
filter crimp part 56 is formed in the circumferential direc- 
tion along the rear margin, whereby the filter 53 can be 
visually checked through an opening of an annular gap 
made between the auxiliary filter holding part 54 and the 
filter holding part 51 (as a filter check part) at the rear 
end face position of the auxiliary filter holding part 54. 
For example, as shown in FIGs. 5A to 5D, when the cy- 
lindrical filter 53 is fitted into the outside of the fitter hold- 
ing part 51 and further the auxiliary filter holding part 54 
is fitted into the outside of the filter 53, the filter 53 can 
move in association with the auxiliary filter holding part 
54. causing a position shift. In this case, if the filter 
cramp part 55 is formed, the filter 53 is detached from 
the filter cramp part 56 and sealing becomes incom- 
plete. However, such a crimp failure of the filter 53 can 
be easily found because the filter 53 can be visually 
checked as described above. 

[0037] As shown in FIG. 4A, the filter crimp part 57 in 
the front margin of the auxiliary filter holding part 54 can 
also be formed with a filter check exposure part 57a for 
exposing the filter 53 partially. In doing so, whether or 
not the filter is normally crimped can also be determined 
easily in the front end margin of the auxiliary filter hold- 
ing part 54. 

[0038] Next, the portion positioned between the filter 
crimp parts 56 and 57 of th auxiliary filter holding part 
54 is a form outward bending and convexly swelling to- 
gether with the filt r 53, thereby forming an annular con- 
vex part 59. The tip of th annular convex part 59 is flat- 
tened annularly. The auxiliary gas introduction hole 55 
is made in the flattened part 59a and as the flattened 
part 59a is formed, the filter holding part 51 is pressed 



against the filter 53 and adheres closely thereto. 
[0039] With such a structure, distribution resistance 
of outside air passing through the filter 53 is lessened 
because the annular gap 58 is made inside, and the out- 

5 side air can be smoothly introduced into the main cylin- 
der 1 4 through the gas introduction holes 52. On the oth- 
er hand, the outer face of the filter 53 adheres closely 
to the inner face of the auxiliary filter holding part 54, 
thus dust. oil. water drops, etc.. become hard to enter 

to the space between the filter 53 and the auxiliary filter 
holding part 54 through the auxiliary gas introduction 
hole 55 and in turn degradation of oil or water repellency 
on the outer face of the filter 53 is stopped or sup- 
pressed, always providing good ventilation. Thus, for 

15 example, if the reference gas temperature becomes 
high, sensor output degradation becomes hard to occur. 
[0040] The filter assembly 1 6 having the structure can 
be manufactured, for example, by the following method: 
First, as shown in FIG. 5A. the cylindrical filter 53 is fitted 

20 into the outside of the filter holding part 51 and further 
a cylindrical member 54' to become the auxiliary filter 
holding part 54 is put on the outside of the filter 53. The 
stepped part 60 formed in the filter holding part 51 sup- 
ports the lower margins of the filter 53 and the cylindrical 

25 member 54' and prevents them from coming out. Sub- 
sequently, as shown in FIG. 5B, the cylindrical member 
54' is crimped in the circumferential direction toward the 
filter part on both sides of the row of the auxiliary gas 
introduction holes 55, thereby forming the filter crimp 

30 parts 56 and 57. As shown in FIG 5C and 5D. the aux- 
iliary filter holding part 54 may be projected to the front 
from the filter 53 and the projection may be formed as 
a small-diameter part 54j, then a crimp part 54b may be 
formed in the small-diameter part 54j, whereby when a 

35 twist force is applied to the auxiliary filter holding part 
54, the turn stop effect can be improved furthermore. 
[0041] As shown in FIGs. 6A to 6C. the filter crimp 
parts 56 and 57 can be formed by compressing the aux- 
iliary filter holding part 54 axially using crimp punches 

40 placed along the circumferential direction of the auxiliary 
filter holding part 54. The inner peripheral surfaces of 
the crimp punches 1 51 are combined to form a cylinder 
face corresponding to the outer peripheral surface of the 
auxiliary filter holding part 54 and can be moved toward 

45 and away from the outer peripheral surface of the aux- 
iliary filter holding part 54 separately: they are moved to 
the auxiliary filter holding part 54 all in unison by a punch 
drive (not shown) and compress the auxiliary filter hold- 
ing part 54. Convex stripe parts 1 52 and 1 53 are formed 

so in both axial margins of each crimp punch 151 and are 
pressed against the outer peripheral surface of the aux- 
iliary filt r holding part 54, forming arc-shaped concave 
parts, which are combined in the circumferential dir c- 
tion to form the filter crimp parts 56 and 57. 

55 [0042] The portion sandwiched betwe n the convex 
stripe parts 152 and 153 of the crimp punch 151 is a 
concave part 1 54 having a flat bottom 1 54a (flat mem- 
ber) and a depth h of the concave part 1 54 is set smaller 
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than the total thickness of the filter 53 and the auxiliary 
filter holding part 54 When the auxiliary filter holding 
part 54 is compressed by the crimp punches 151. the 
convex stripe parts 152 ana 153 dig. forming the filter 
crimp parts 55 and 57: on tne other hand, the portion 
sandwiched between the crimp parts 56 and 57 bends 
outward, forming a convex part 59. However, when com- 
pression develops to some extent, the convex part 59 
strikes against the bottom 1 54a of the concave part 1 54 
and is stopped. When compression is furthermore con- 
tinued, the convex part 59 is shaped by the concave part 
1 54 and the flattened part 59a is formed corresponding 
to the flat bottom of the concave part 1 54. 
[0043] At this time, the auxiliary filter holding part 54 
is compressed and deformed comparatively largely with 
crimping and the bend amount in the convex part 59 be- 
comes large, but the inner filter holding part 51 is not 
much compressed and the bend amount is also small. 
On the other hand, the filter 53. which is flexible, follows 
the auxiliary filter holding part 54 and bends outward. 
Resultantly, the annular gap 56 is made between the 
filter holding part 51 and the filter 53 based on the bend 
amount difference between the filter holding part 51 and 
the auxiliary filter holding part 54. 

[0044] As shown in FIG. 4C. the filter holding part 51 
may be formed with a concave part 63 dented inward at 
least in the surroundings of the gas introduction hole 52 
and the gap 58 may be made between the filter holding 
part 51 and the filter 53 in the concave part 63. In this 
case, the concave part 63 may be formed like a dimple 
provided by denting the periphery of the gas introduction 
hole 52 as shown in FIG. 4D or like a ring along the ar- 
rangement direction of the gas introduction holes 52 as 
shown in FIG. 4E. 

[0045] Referring again to FIG. 3. the ceramic separa- 
tor 1 8 is formed with separator lead insertion holes (lead 
insertion holes) 72 penetrating axially the ceramic sep- 
arator 18 for inserting the leads 20 and 21 and is formed 
at an axial intermediate position with a flange-like sep- 
arator support part 73 projected from the outer periph- 
eral surface. The ceramic separator 18 is placed so as 
to abut the rear end face of the main cylinder 1 4 in the 
separator support part 73 in a state in which a portion 
positioned ahead the separator support part 73 is en- 
tered in the rear end inside, and is placed in a state in 
which a portion positioned behind the separator support 
part 73 is projected to the outside of the main cylinder 
14. The ceramic separator 18 will be discussed later in 
detail. 

[0046] A cylindrical protective cover 64 is placed on 
the outside of the auxiliary filter holding part 54 so as to 
cover the holding part 54. It blocks or suppresses a di- 
rect jet of liquid drops to the filter 53 or deposition of 
deposits of oil. dirt. etc. The protective cover 64 is placed 
so as to produce a gas retention space 65 between the 
protective cover 64 and the filter 53 at a position corr - 
sponding to the gas introduction hole 52 (or the auxiliary 
gas introduction hole 55), for example, and both sides 



between which the gas introduction hole 52 is sand- 
wiched axially are joined by crimp parts 65 and 67 as 
cover joint parts to the outer face of the filter holding part 
51. An external communication part 58 for allowing the 
^ gas retention space 65 to communicate with the outside 
and introducing outside air into the gas retention space 
65 is formed between the protective cover 64 and the 
filter holding part 51 at a position corresponding to the 
axially front crimp part 66. 
io [0047] Specifically, as shown in FIGs. 4A to 4C, 
grooves 69 extending in the axial direction of the filter 
holding part 51 are formed on the outer peripheral sur- 
face of the first portion 61 of the filter holding part 51 
with a predetermined spacing along the circumferential 
is direction and make up the external communication part 
68. As shown in FIG. 7, the protective cover 64 is 
crimped toward the first portion 61 of the filter holding 
part 51 (FIG. 3, etc.,), whereby the crimp part 66 is 
formed in an annular shape so as to cross the grooves 
20 69 in the arrangement direction thereof and leave a gap 
70 between the protective cover 64 and the first portion 
61 at the bottom of each groove 69. The crimp part 66 
is formed at a position corresponding to the outer pe- 
ripheral surface of the separator support part 73 of the 
2S ceramic separator 18, whereby the separator support 
part 73 can receive a compression force at the crimp 
part formation time, thus the crimp part 66 can be formed 
reliably. 

[0048] In the described structure, as shown in FIG. 8, 
30 outside air is introduced into the gas retention space 65 
through the gaps 70 formed in the grooves 69 from front 
openings 71 of the gaps 70 between the protective cover 
64 and the first portion 61 of the filter holding part 51. 
On the other hand, the crimp part 67 is formed on the 
3S outer peripheral surface of the end part of the second 
portion 62 of the filter holding part 51 (FIG. 3, etc.,)- As 
shown in FIG. 9, an axial front margin 64a of the protec- 
tive cover 64 may be extended like a skirt by a prede- 
termined length from the end of the groove 69, whereby 
•*o the probability that if the oxygen sensor 1 is caught in a 
splash, etc., water drops, etc.. enter the gas retention 
space 65 from the inside of the protective cover 64 can 
be lowered furthermore. 

[0049] Here, as shown in FIG. 45, the front of the aux- 
iliary filter holding part 54 may be extended axially so 
that the auxiliary filter holding part 54 spreads across 
the first portion 61 and the second portion 62. In this 
case, the auxiliary filter holding part 54 is crimped di- 
rectly toward the first portion 61 at a position corre- 
sponding to the first portion 61 , whereby an annular aux- 
iliary crimp part 66 may be formed along the circumfer- 
ential direction of the first portion 61. In doing so, the 
filter holding part 51 can be fix d to the auxiliary filt r 
holding part 54 more reliably. The front margin of th 
ss protective cov r 64 can b extended to a position over- 
lapping the margin corresponding to the auxiliary filt r 
holding part 54 and the crimp part 66 as a cover joint 
part can also be used as the auxiliary crimp part. In this 
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case, the external communication part 68. namely, the 
grooves 69 can be formed in the auxiliary filter holding 
part 54. 

[0050] Referring again to FIG. 3. the filter holding part 
51 of the filter assembly 16 is placed so as to allow the 
projection of the ceramic separator 18 to approach the 
inside of the second portion and cover it and so as to 
abut the separator support part 73 at the stepped part 
60 via a metal elastic member 74 from the opposite side 
to the main cylinder 1 4. The metal elastic member 74 is 
formed as a spring washer, such as a wave washer as 
shown in FIG. 10. As shown in FIG. 3. it is inserted into 
the separator support part 73 and is placed in a com- 
pression state between the end face of the main cylinder 
14 as a casing support part and the ceramic separator 
18. whereby the metal elastic member 74 produces a 
proper sandwich holding force on the ceramic separator 
18 between the filter assembly 16 (cover member) and 
the main cylinder 14 for preventing a rattle and fixing 
and holding the ceramic separator 13 more reliably. It 
also suppresses an excessive sandwich force acting on 
the separator support part 73 of the ceramic separator 
18 because of elastic deformation of the metal elastic 
member when the oxygen sensor 1 is assembled, etc.. 
and in turn prevents the ceramic separator 18 from be- 
ing broken or chipped accordingly. The metal elastic 
member 74. which is made of metal, is excellent in heat 
resistance and can well maintain the ceramic separator 
rattle prevention effect over a long term. 
[0051] The filter holding part 51 is placed so as to 
overlap the main cylinder 1 4 from the outside thereof at 
the tip. namely, in the first portion 61 and at the overlap, 
the filter holding part 51 is crimped toward the main cyl- 
inder 14 ; whereby an annular assembly coupling crimp 
part 75 is formed as a coupling part in the circumferential 
direction. The assembly coupling crimp part 75 causes 
the filter holding part 51 to be pressed against and cou- 
pled to the main cylinder 1 4 so that the inner peripheral 
surface of the filter holding part 51 becomes hermetic 
relative to the outer peripheral surface of the main cyl- 
inder 14. 

[0052] As shown in FIG. 11, the-assembly coupling 
crimp part 75 consists of a mam crimp part 76 formed 
annularly in the circumferential direction by crimping the 
filter holding part 51 toward the main cylinder 1 4 and an 
auxiliary crimp part (rotation prevention part) 77 angular 
in cross section (octagonal in cross section in the em- 
bodiment) formed on the side near to the tip of the oxy- 
gen sensing element 2 rather than the main crimp part 
76. 

[0053] In the main crimp part 76. the contact face be- 
tw en the main cylinder 14 and the filter holding part 51 
becomes cylindrical, thus excellent hermeticity is pro- 
vided and water, etc.. can be reliably prevented from 
leaking into the main cylind r 14 from th space be- 
tween th main cylinder 1 4 and the filter holding part 51 . 
However, as shown in FIG. 12B schematically if a 
strong twist force acts on the main cylinder 14 and the 



filter holding part 51 because of external shock, etc., 
there can be a possibility that a slip may occur because 
of relative rotation between the main cylinder 14 and the 
filter holding part 51 on the cylindrical contact face, im- 
pairing hermeticity. Then, if the auxiliary crimp part 77 
as described above is formed, its contact face is shaped 
like an angular cylinder as shown in FIG. 12A. Thus, if 
a twist force as described above acts, relative rotation 
between the main cylinder 1 4 and the filter holding part 
51 is hard to occur. Resuitantly such relative rotation 
can be effectively prevented from occurring also in the 
main crimp part 76 and the hermeticity between the 
main cylinder 14 and the filter holding part 51 can be 
made more reliable. The main crimp part 76 and the aux- 
iliary crimp part 77 may be formed by interchanging 
them in axial positional relationship. However, since the 
tip of the oxygen sensor 1 can be exposed to high tem- 
perature, the positional relationship in which the main 
crimp part 76 where hermeticity is prioritized is away 
from such a heat source is more desirable. 
[0054] In addition to the auxiliary crimp part 77. for- 
mation of dig parts 78 digging from the filter holding part 
51 to the main cylinder 1 4 with a predetermined spacing 
along the circumferential direction, for example, as 
shown in FIG. 13 can also function as a rotation preven- 
tion part. On the other hand, if it is little feared that rel- 
ative rotation as described above will occur in the main 
crimp part 76, the auxiliary crimp part 77 can also be 
omitted. An annular weld part may be formed along the 
circumferential direction, for example, by laser welding, 
etc., as a coupling part between the filter holding part 
51 and the main cylinder 14. 

[0055] A method of fitting the filter assembly 16 into 
the main cylinder 14 will be discussed. That is, as shown 
in FIG. 1 4A, the metal elastic member 74 is inserted into 
the ceramic separator 1 6 and further the front end of the 
ceramic separator 18 is inserted into the main cylinder 
14. On the other hand, the filter assembly 16 is previ- 
ously assembled as shown in FIG. 5 and is put from the 
outside of the ceramic separator 18 and the main cylin- 
der 1 4 in the filter holding part 51 . as shown in FIG. 14a. 
The oxygen sensing element 2, the heating element 3, 
and the like (FIG. 1) are previously fitted into the main 
cylinder 14 and the leads 20, 21, 28, and 29 (FIG. 21) 
from the oxygen sensing element 2 and the heating el- 
ement 3 are passed through the lead insertion holes 72 
(FIG. 3) of the ceramic separator 18 and further are ex- 
tended to the outside from the rear end opening of the 
filter holding part 51 . 

[0056] Subsequently, as shown in FIG. 148, an axial 
compression force is applied to the main cylinder 1 4 and 
the filter ass mbly 16, whereby the m tal elastic mem- 
ber 74 is compress d and deformed between the filt r 
holding part 51 and th separator support part 73 of th 
ceramic separator 1 8 and generates an urging fore for 
sandwiching th c ramie separator 18 betwe n th 
main cylinder 14 and the filt r holding part 51 . With this 
state maintained, the ass mbly coupling crimp part 75 
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is formed in (he filter holding part 51 and the main cyl- 
inder 1 4 as shown in FIG. 1 4C and the filter holding part 
51 and the main cylinder 1 4 are joined. Next, as snown 
in FIG. 1 4D. the elastic seal member 1 7 is fitted into the 
rear end opening of the filter holding part 5 1 . the protec- s 
tive cover 64 is put. and as shown in FIG. 1 4E, the crimp 
parts 66 and 67 are formed. The assembling is now 
complete. 

[0057] According to this method, the filter assembly 
16 is assembled independently of fitting of the oxygen io 
sensing element 2. etc., into the casing 10, thus the 
leads do not become obstruction and the assembling 
work can be carried out extremely efficiently. Since fit- 
ting of parts into the casing 10 can be performed in par- 
allel with assembling of the filter assembly 16, produc- '5 
tivity improves dramatically. Further, even if a fitting fail- 
ure, etc.. of the filter 53 occurs, if it can be found at the 
stage of the filter assembly 1 6, the failure does not affect 
the sensor finished product and waste, etc.. of parts is 
hard to occur. 20 
[0058] A method of forming of the assembly coupling 
crimp pan 75 will be discussed in detail. That is. a crimp- 
ing device 79 shown conceptually in FIGs. 15A to 15C 
is used in the method. As shown in FIG. 15A and 15B, 
the crimping device 79 is made of crimp punches 81 and 2* 
83 for compressing the filter holding part 51 from the 
outside in the circumferential direction and first and sec- 
ond crimp punch units 80 and 82 spaced from each oth- 
er at a predetermined distance in the axial direction of 
the filter holding part 51 as shown in FIG 1 5C. The first 30 
crimp punch unit 80 forms the main crimp part 76 and 
the tip faces of the crimp punches 81 are combined to 
form a cylindrical face. On the other hand, the second 
crimp punch unit 82 forms the auxiliary crimp part 77 
and the tip faces of the crimp punches 83 are combined 35 
to form an octagonal cylindrical face. As shown in FIG. 
15C, the counterparts of the crimp punches 81 and 83 
are coupled by a coupling part 84 to form a punch seg- 
ment 85 and move toward and away from the outer pe- 
ripheral surface of the filter holding part 51 in one piece *o 
in the radial direction thereof. 

[0059] The punch segments 85 placed surrounding 
the filter holding part 5 1 are moved toward the filter hold- 
ing part 51 all in union, whereby the filter holding part 
5 1 is formed with the main crimp part 76 and the auxiliary 
crimp pan 77 in batch. According to the method, the 
main crimp part 76 and the auxiliary crimp part 77 are 
formed at the same time by executing one crimping step, 
thus not only efficiency, but also the following advantage 
can be accomplished: Because of crimp punch com- so 
pression. :he filter holding part 51 digs locally in the main 
cylinder 14 and is pressed thereagainst to form the 
crimp part. A crease part or a relief part accompanying 
the dig deformation is asily formed in the filt r holding 
part 51 in the surroundings of the press part. If th main 55 
crimp part 76 and th auxiliary crimp part 77 are formed 
in sequence, a crease part or a relief part caused by the 
crimp part formed later has an effect on the previously 



formed crimp part, impairing hermeticity. However, if 
both the crimp parts 76 and 77 are formed at the sam 
time as described above, the effect of a crease part or 
a relief part can be pooled in the area between the crimp 
parts 76 and 77 and sufficient intimate contact, namely, 
hermeticity can be provided in the crimp parts 76 and 77. 
[0060] FIG. 16 is a plan view to show an example of 
a more specific structure of the crimping device 79. That 
is, the crimping device 79 is constituted by a punch as- 
sembly 89 having a ring-like punch holder 86 and punch 
segments 85 placed along the circumferential direction 
of the punch holder 86 and piercing the punch holder 86 
movably in the radial direction. Each punch segment 85 
is formed at the rear with a spring support part 67 and 
a spring member 88 for urging the punch segment 85 
outwardly is placed between the spring support part 87 
and the outer peripheral surface of the punch holder 36. 
On the other hand, as shown in FIG. 17A, a reception 
unit 190 with an inner peripheral surface 291 formed as 
a taper face shrunk on the bottom is provided corre- 
sponding to the punch assembly 89 and a positioning 
projection 93 having a workpiece insertion hole 94 is 
formed at the center of the bottom. 
[0061] A workpiece W with the filter assembly 16 put 
on the main cylinder 14 is set in the positioning projec- 
tion 93 with the protector 11 inserted into the workpiece 
insertion hole 94. At this time, the main body metal shell 
9 is supported on the top of the positioning projection 
93 and the workpiece W is held in an erect state relative 
to the bottom center of the reception unit 1 90. The punch 
assembly 89 is setcoaxially inside the reception unit 190 
and the punch segments 85 surround the workpiece W. 
A taper corresponding to the inner peripheral surface 
291 of the reception unit 190 is given to an outer end 
face 92 of the punch segment 85. 
[0062] In this state, when the filter assembly 16 is 
pushed into the main cylinder 14 (FIG. 14B) by a pres- 
sure mechanism (not shown) and further the punch as- 
sembly 89 is pushed into the bottom of the reception unit 
1 90, the punch segments 85 approach the workpiece W 
all in unison with the corresponding springs 88 com- 
pressed by the cam action between the outer end face 
92 and the inner peripheral surface 291 tapered, forming 
the main crimp part 76 and the auxiliary crimp part 77 
at the same time, as shown in FIG. 17B. 
[0063] Next, the role of the metal elastic member 74 
can also be replaced as follows: As shown in FIGs. 42 
and FIG. 43A to 43E, a buffer support part 90 elastically 
deformed more easily than a main part 14b of the main 
cylinder 14 is formed in the rear opening end face part 
(casing support part) of the main cylinder 1 4 (casing 1 0) 
abutting the separator support part 73. If an assembling 
m thod similar to that in FIGs. 14A to 14E is ad pted, 
th separator support part 73 is relatively pr ss d 
against th buffer support part 90, wher by th buffer 
support part 90 is compr ssed and deformed, producing 
an ffect similar to that of the metal elastic member 74 
describ d above. The filter assembly 16 is join d to th 
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main cylinder 14 by the assembly coupling crimp part 
75 and fixes the ceramic separator 1 8 to the casing 1 0 
with the buffer support part 90 remaining compressed 
and deformed. That is. it plays a role of separator fixing 
means. 

[0064] Specifically, as shown in FIG. 42 the buffer 
support part 90 can be formed as a spring part 90 inte- 
gral with the main part 14b of the main cylinder 14. In 
the embodiment, the spring part 90 is formed by forming 
a thin part 14a in the opening end margin of the main 
cylinder 14. once bending back the thin part 14a to the 
inside in the radial direction of cross section, and fur- 
thermore once bending back the tip of the bent-back thin 
part 1 4a outwardly. 

[0065] FIGs. 43A to 43E show an example of a meth- 
od of forming the spring part 90. That is. as shown in 
FIG. 43A. a metal material is used to mold a cylindrical 
member 1 4' by multistage deep drawing using a die 1 55 
and a punch 156. Next, as shown in FIG. 43B. using a 
complex punch 160 consisting of an inner punch 153 
and an outer puncn 159 placed concentrically outside 
the inner punch 1 53 and a die 1 62 having a die hole 161 
formed with a large -diameter part 161a. a stepped part 
161c, and a small-diameter part 161b in order in the 
depth direction, the outer margin of the cylindrical mem- 
ber 1 4* is sandwiched between the outer punch 1 59 and 
the stepped part 161c and as shown in FIG. 43C. the 
inner punch 158 is projected from the outer punch 159. 
whereby the bottom center of the cylindrical member 1 4' 
is punched. At this time, the periphery of the opening of 
the cylindrical member 14' is pressed into the gap be- 
tween the inner punch 1 58 and the small-diameter part 
161b of the die hole 161, forming the thin part 14a. 
[0066] As shown in FIG. 43D, the thin part 1 4a is com- 
pressed and deformed so as to be crushed between a 
punch 165 inserted into the inside of the cylindrical 
member 1 4* and an opposed punch 1 66 opposed to the 
punch 165 in the die hole 154 of the die 163. The op- 
posed punch 166 is formed in the tip face outer margin 
with a chamfer-like bend die part 1 66a having an inward 
curvature. As shown in FIG. 43E, the tip of the thin part 
14a is pressed against the bend die part 166a and is 
bent slidingly outward, forming the spring part 90. 
[0067] On the other hand, as shown in FIG. 44. the 
buffer support part 90 may be formed so as to become 
a portion of lower hardness than the main part 14b of 
the main cylinder 14. That is, the hardness of the buffer 
support part 90 is made lower than that of the main part 
14b, whereby when the separator support part 73 is 
pressed against the buffer support part 90. the buffer 
support part 90 is compressed and deformed, producing 
an effect similar to that of the metal elastic member 74 
described above. The buffer support part 90 may be de- 
formed within the elastic limit range or may be plastically 
deformed. 

[0068] The buffer support part 90 can be formed of a 
different material having lower hardness than the main 
part 1 4b, for example. In this case, the different material 



portion can be joined to the main part 14b by welding, 
brazing, etc. On the other hand, for example, if the main 
cylinder 1 4 is formed of stainless steel, etc. . the opening 
tip part is locally heat-treated by energization heating, 
etc. . and is softened, whereby the main part 1 4b and the 
buffer support part 90 can also be formed in one piece 
with the same material. 

[0069] Assuming that the Vickers hardness of the 
buffer support part 90 is Hvs and that the Vickers hard- 
ness of the main part 14b is Hvh. it is advisable to set 
Hvh is 320 or more. If Hvh becomes less than 320. the 
strength of the mam cylinder 14 is insufficient and dura- 
bility of the oxygen sensor 1 may be unable to be pro- 
vided. Preferably, Hvh is set to 360 or more. It is advis- 
able to adjust the hardness of the buffer support part 90 
so that Hvh-Hvs (substracting Hvs from Hvs) becomes 
60 or more. If Hvh-Hvs becomes less than 60, a relative 
deformation amount of the buffer support part 90 to the 
main part 1 4b is insufficient and an intended effect may 
be unable to be sufficiently accomplished Preferably, 
Hvh-Hvs is set to 80 or more. 

[0070] Next, as shown in FIG. 3, the ceramic separa- 
tor 18 is placed so that the rear enters the inside of the 
filter holding part 51 in the axial direction of the oxygen 
sensing element 2 and that the front enters the inside of 
the main cylinder 14 (casing 10), and the leads 20. 21, 
28, and 29 (FIG. 21 ) are inserted axially in the separator 
lead insertion holes 72. On the other hand, the elastic 
seal member 17 is fitted elastically into the inside of the 
rear opening 5la of the filter holding part 51, has seal 
lead insertion holes 91 for inserting the leads 20, 21 , 28, 
and 29. and seals the space between the outer face of 
the leads 20, 21. 28, and 29 and the inner face of the 
filter holding part 51. 

[0071] The rear end face of the ceramic separator 1 8 
is positioned on the rear from the gas introduction hole 
52 in the axial direction and adheres closely to the top 
face of a gap definition projection 96 formed in the rear 
end face center of the elastic seal member 1 7. A prede- 
termined gap 98 is formed between the elastic seal 
member 17 and the ceramic separator 18 by the gap 
definition projection 96. A gap 92 is also formed between 
the inner peripheral surface of the filter holding part 51 
and the outer peripheral surface of the ceramic separa- 
tor 18. Gas from the gas introduction hole 52 is supplied 
to the gap 92 and is introduced into the casing 10 
through a ventilation communication part 93 formed in 
the ceramic separator 18. Specifically, the ceramic sep- 
arator 18 is formed with a through hole 95 for axial ven- 
tilation apart from the separator lead insertion holes 72 
and is formed on the rear end face with a ventilation 
groove 94 communicating with the through hole 95 for 
ventilation at one end and open dtoth outer periph ral 
surfac of the ceramic separator 18 at the oth r nd. 
That is, th through hoi 95 for ventilation and the ven- 
tilation groov 94 mak up the ventilation communica- 
tion part 93. 

[0072] As shown in FIGs. 18A to 18D and FIG. 19A. 
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in the ceramic separator 18 the four separator lead in- 
sertion holes 72 for inserting the leads 20. 21 . 23. and 
29 from the oxygen sensing element 2 and the heating 
element 3 are made so that the centers of the separator 
lead insertion holes 72 are positioned on a phantom cir- 5 
cumferential path, which will be hereinafter called sep- 
arator pitch circle. CI. The through hole 95 for ventila- 
tion is made in an area surrounded by the four separator 
lead insertion holes 72 at the center of the ceramic sep- 
arator 18. Further the ventilation groove 94 is shaped io 
like a cross at a position not interfering with the four sep- 
arator lead insertion holes 72 on the rear end face of the 
ceramic separator 18. As shown in FIG. 18E, the venti- 
lation groove 94 is formed on the top with a chamfer part 
94a on both margins in the width direction. is 
[0073] Next, as shown in FIGs. 22A to 22C, in the 
elastic seal member 1 7, the seal lead insertion holes 91 
are made so that the centers thereof are positioned on 
a phantom circumferential path, which will be hereinaf- 
ter called seal pitch circle. C2. The separator pitch circle 20 
C1 (diameter D1) and the seal pitch circle C2 (diameter 
D2) are set so that the diameter of one is larger than 
that of the other 

[0074] For example, in FIG. 3, 01>D2 and as shown 
in FIG. 22C, the gap definition projection 95 is formed 25 
in an area positioned in the inside of the seal lead inser- 
tion holes 91 arranged on the seal pitch circle C2. 
[0075] In the described structure, the rear end face 
position of the ceramic separator 18 is set behind the 
gas introduction hole 52. whereby if water drops, etc., 30 
enter the filter assembly 16 through the gas introduction 
hole 52. they cannot flow into the casing 10 unless the 
water drops are once drawn into the rear end face of the 
ceramic separator 18 because the flange-like separator 
support part 73 blocks the opening of the main cylinder 35 
1 4. Therefore, the effect of making it harder to allow wa- 
ter drops to flow into the oxygen sensing element 2 can 
be accomplished. In this case, the reference gas flowing 
in through the gas introduction hole 52 must also be 
drawn into the rear end face of the ceramic separator 40 
1 8, but can be introduced into the casing 1 0 through the 
ventilation groove 94 and the through hole 95 for venti- 
lation without a hitch. 

[0076] On the other hand, the leads 20, 21, 28. and 
29 are inserted into the elastic seal member 1 7 and the •** 
ceramic separator 18 in different pitch circle diameters, 
thus each lead is always bent between the elastic seal 
member 17 and the ceramic separator 18. However the 
proper gap 98 is formed between the elastic seal mem- 
ber 1 7 and the ceramic separator 1 8 and the leads 20, so 
21 , 28. and 29 can be bent in the gap 98 comparatively 
m derately, so that trouble such that when the oxygen 
sensor 1 is assembled, etc., the leads are strongly bent 
and damaged or broken b comes hard to occur 
[0077] f the lastic seal member 1 7 and the c ramie 55 
separator 1 8 diff r littl in pitch circle diameter, they can 
also be brought into intimate contact with each other 
without forming the gap 98. If th gap 98 is formed, the 



tip face of the gap definition projection 96 adheres close- 
ly to the elastic seal member 1 7. In any case, the contact 
area between the elastic seal member 17 and the ce- 
ramic separator 18 overlaps the formation area of the 
through hole 95 for ventilation. However even in such 
a case, the entrance of the through hole 95 for ventila- 
tion is not sealed and ventilation of the reference gas to 
the casing 1 0 is enabled because the ceramic separator 
18 is formed on the top with the ventilation groove 94. 
[0078] As shown in FIG. 1 9B and 1 9C, the flange-lik 
separator support part 73 (flange part) may be formed 
with through parts 97 for ventilation axially penetrating 
the separator support part 73. In the embodiment, the 
through parts 97 for ventilation are grooves (or notches) 
made at predetermined angle intervals in the outer pe- 
ripheral surface of the separator support part 73. If the 
through parts 97 for ventilation are formed, the ventila- 
tion groove 94 can be omitted as shown in FIG. 1 9B. On 
the other hand, as shown in FIG. 19C, both the ventila- 
tion groove 94 and the through parts 97 for ventilation 
may be formed, in which case two ventilation passages 
of the ventilation groove 94 and the through hole 95 for 
ventilation and the through parts 97 for ventilation are 
formed, thus ventilation of the reference gas to the cas- 
ing 10 is enabled more reliably. FIG. 20 shows an ex- 
ample of fitting the ceramic separator 1 8 into the oxygen 
sensor 1 . 

[0079] The gap definition projection 96 of the elastic 
seal member 17 can also be formed like a continuous 
or intermittent convex stripe along the periphery of the 
front end face of the elastic seal member 17, as shown 
in FIG. 23C and FIG. 25. In 

[0080] FIG. 25, the diameter D1 of the separator pitch 
circle C1 is larger than the diameter 02 of the seal pitch 
circle C2 (namely, D1>D2), but the structure can also 
be applied to the case where D1 <D2, and is effective if 
01 is small and the gap definition projection 96 contact 
area cannot sufficiently be provided in the area sur- 
rounded by the separator lead insertion holes 72, for ex- 
ample. 

[0081] To form the gap 98 between the ceramic sep- 
arator 18 and the elastic seal member 17, the elastic 
seal member 1 7 may be formed in the rear end margin 
with a flange part 99 projecting outward from the outer 
peripheral surface of the elastic seal member 17, as 
shown in FIG. 23B and FIG. 24. In this case, the flange 
part 99 of the elastic seal member 1 7 abuts the rear end 
face of the filter holding part 51 , whereby the position of 
the front end face of the elastic seal member 17 in the 
filter holding part 51 is defined. 

[0082] In the described oxygen sensor 1 , while air as 
the reference gas is introduced through the filter 53 of 
th filter ass mbly 16 as d scribed above, exhaust gas 
introduced through th gas permeation ports 12 of th 
prot ctor 1 1 com s in contact with the outer face of the 
oxyg n sensing lement 2 and an oxygen cone ntration 
cell electromotive fore occurs in the oxygen sensing 
element 2 in r sponse to the oxygen concentration dif- 
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ference between the inner and outer faces. This oxygen 
concentration cell electromotive force is taken out as an 
oxygen concentration detection signal in the exhaust 
gas from the electrode layers 2b and 2c through the 
leads 21 and 20. Here, if the exhaust gas temoerature 
is sufficiently high, the oxygen sensing element 2 is 
heated by the exhaust gas and is activated, but if the 
exhaust gas temperature is low at the engine starting 
time. etc.. the oxygen sensing element 2 is heated for- 
cibly by the heating element 3 and is activated 
[0083] The heating element 3 normally is a ceramic 
heater: it is constituted by a heating section 42 made up 
of a ceramic rod 45 consisting essentially of alumina, for 
example, as a core and a resistance line part (resistance 
pattern) 41 (FIG 29) shaped like meandering, for exam- 
ple, on the surface of the ceramic rod 45. as shown in 
FIGs. 2SA and 288. It is provided by printing a prede- 
termined pattern of resistance paste on a sheet-like ex- 
ternal layer ceramic part 43 (FIG. 29) and winding the 
ceramic part 43 around the ceramic rod 45. Ihen calcin- 
ing. The ceramic rod 45 projects slightly from the tip. of 
the external layer ceramic part 43 and the resistance 
pattern 41 is energized for generating heat through the 
leads 28 and 29 (FIG. 21 ) extending from the heater ter- 
minal parts 40 (FIG. 1 , etc..) The heating part 42 is one- 
sided to the tip of the heating element 3 and generates 
heat locally at the tip. 

[0084] As shown in FIG. 28A. a center axis 01 in the 
proximity of the heating part 42 of the heating element 
3 is offset by a given amount 6 so that it is one-sided 
relative to a center axis 02 of the oxygen sensing ele- 
ment 2, so that the tip surface of the heating part 42 of 
the heating element 3 is in contact with a hollow part 
inner wall 2a of the oxygen sensing element 2, which 
will be hereinafter also called element inner wall 2a, in 
a state in which it is pressed against the wall 2a at pre- 
determined face pressure. As seen in FIG. 1 . the contact 
position is a position one-sided slightly to the interme- 
diate side from the tip of the closed side of the oxygen 
sensing element 2 and more preferably a position al- 
most corresponding to the gas permeation port 1 2 of the 
protector 1 1 . 

[0085] As shown conceptually in FIG. 30B. if a first 
phantom plane P1 containing the center axis 02 of the 
hollow part of the oxygen sensing element 2 and a sec- 
ond phantom plane P2 containing the center axis 02 of 
the hollow part and being orthogonal to the first plane 
P1 are set in the hollow part and the hollow part is di- 
vided by the first plane P1 and the second plane P2 into 
four areas, the heating element 3 is placed so that the 
whole of the portion of the center axis 01 positioned in 
th hollow part fits in any of th four areas. More specif- 
ically, also as shown in FIGs. 28A and 28B, the heating 
element 3 is plac d so that the center axis 01 becomes 
almost parallel with the center axis 02 of the hollow part, 
wher by the heating el ment 3 is constituted by the 
heating part 42 having a side parallel with the hollow 
part inner wall 2a of the oxygen sensing element 2. 



[0086] In response to offsetting the heating element 
3 so as to be one-sided relative to the center axis of the 
hollow part of the oxygen sensing element 2. the ceram- 
ic separator 1 8 is designed as follows: As shown in FIG . 
s 3. the ceramic separator 18 is formed with a heating el- 
ement end housing hole 102 opened in the front end 
face of the ceramic separator 18 with a bottom 102a po- 
sitioned in an axial intermediate part of the ceramic sep- 
arator 18. The whole length of the oxygen sensor 1 can 
io be shortened by housing the rear end part of the heating 
element 3 in the heating element end housing hole 102. 
Specifically, as shown in FIGs. 21 A to 21 B. the heating 
element end housing hole 1 02 is formed by cutting away 
the center of the ceramic separator 18 so as to overlap 
the separator lead insertion holes 72 from the inside and 
has an inner diameter set larger than the outer diameter 
of the heating element 3. 

[0087] If the heating element 3 is offset as described 
above, the rear end part thereof is offset relative to the 
axis of the ceramic separator 18. Since the heating el- 
ement end housing hole 102 for housing the rear end 
part of the heating element 3 has the inner diameter set 
larger than the outer diameter of the heating element 3, 
a diametrical move of the rear end part as the heating 
element 3 is offset is allowed within a given limit. That 
is, if the heating element 3 is offset, the rear end part 
thereof is prevented from interfering with the inner wall 
of the ceramic separator 18 and the offset amount can 
be set comparatively flexibly 

[0088] The separator lead insertion holes 72 are 
placed on the separator pitch circle C1 as described 
above and as shown in FIG. 21 B, the inner diameter dl 
of the heating element end housing hole 102 is set 
smaller than the diameter d2 of the separator pitch circle 
(namely, d1 <d2). That is, the portion of the ceramic sep- 
arator 18 positioned between the adjacent separator 
lead insertion holes 72 functions as a partition wall 103 
for separating the leads 20. 21. 28. 29: as the heating 
element end housing hole 1 02 is made, the partition wall 
1 03 is cut away from the inside. If d1 >d2, the diametrical 
length of the partition wall 103 becomes too short and 
the separation effect of the leads 20, 21 , 28, 29 may be 
degraded, leading to a short circuit, etc. 
[0089] It is desirable that the ratio between the diam- 
eter d2 of the pitch circle C1 of the lead insertion holes 
72 and the outer diameter D of the end of the heating 
element 3, d2/D, is adjusted in the range of 1.7 to 2.8. 
If d2/D becomes less than 1 .7, a sufficient offset amount 
of the heating element 3 cannot be provided, resulting 
in an insufficient lateral strike state of the heating ele- 
ment 3: a sufficient effect of shortening the sensor start- 
up tim may be unable to be xpected. If d2/D exceeds 
2.8, the leads 20, 21 , 28, 29 ar too bent and damag , 
etc., to the leads easily occurs. It is advisabl to s t th 
ratio b twe n depth h and inner diamet r dl of the heat- 
ing element end housing hoi 102, h/d1, to 1.2 or less. 
For example, to incline the heating elem nt 3 to offset 
it, if h/dl exceeds 1.2. the depth h of the housing hoi 
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becomes loo large relative to the diameter dl and a suf- 
ficient inclination amount of the heating element 3, 
namely, a sufficient offset amount cannot be provided: 
a sufficient effect of shortening the sensor start-up time 
may be unable to be expected. s 
[0090] Next, it is the terminal metal shell 23 (FIG. 1 ) 
that serves the function of offsetting the center axis 01 
of the heating element 3 from the center axis 02 of the 
hollow oart of the oxygen sensing element 2 in the 
above -described positional relationship and elastically to 
pressing the heating part 42 against the element inner 
wall 2a. In this case, the terminal metal shell 23 plays 
the following three roles: First, electric connection to the 
lead 20 as an output terminal of the electrode layer 2c 
inside the oxygen sensing element 2: second, fitting of 1* 
the heating element 3 to the inside of the oxygen sens- 
ing element 2 (function similar to the conventional func- 
tion): and third, elastically pressing the tip of the heating 
element 3 againt the element inner wall 2a in a lateral 
strike structure 20 
[0091 ] FIGs. 26A and 25B show a discrete state of the 
terminal metal shell 23 and FIGs. 27A to 27C show a 
state in which the terminal metal shell 23 is fitted into 
the heating element 3. As seen in the figures, a heating 
clement grip part 27 is formed at the tip of the heating 2s 
element 3 relative to the internal electrode connection 
part 26. namely, the side close to the heating part 42. 
The heating element grip part 27 has a transverse sec- 
tion shaped like a C letter surrounding the heating ele- 
ment 3. When the heating element 3 is not inserted, the 30 
heating element grip part 27 has an inner diameter a 
little smaller than the outer diameter of the heating ele- 
ment 3. As the heating element 3 is inserted, the diam- 
eter of the heating element grip part 27 is elastically en- 
larged for gripping the heating element 3 by a friction 35 
force. The heating element grip part 27 is disposed only 
at one Dlace on one side of the internal electrode con- 
nection part 26. 

[0092] The internal electrode connection part 26 is 
formea so as to surround the heating element 3 by bend- 10 
ing like a cylinder a plate-like portion formed with con- 
tact parts 26a like saw teeth in both left and right mar- 
gins. It oositions the heating element 3 axially with re- 
spect to the hollow part by the friction force between the 
outer peripheral surface and the hollow part inner wall «s 
2a of the oxygen sensing element 2 and comes in con- 
tact with the inner electrode layer 2c (FIG. 2) at the tips 
of the contact parts 26a. A predetermined gap is formed 
between the internal electrode connection part 26 and 
the heating element 3. The left and right contact parts so 
26a have portions corresponding to the crests and 
troughs of the saw teeth in offset relation on the left and 
the right. For example, wh n the internal electrode con- 
nection part 26 is ins rt d into the oxygen s nsing ele- 
ment 2 at the sensor assembling time, trouble such that 55 
th left and right contact parts 26a are caught in the 
opening margin of the oxygen sensing element 2 at the 
same time becomes hard to occur, in turn facilitating fit- 



ting of the internal electrode connection part 25 into the 
oxygen sensing element 2. The height of each of the 
contact parts 26a like saw teeth is set slightly large, 
whereby when the plate-like portion is bent like a cylin- 
der to form the internal electrode connection part 26, the 
effect of increasing the width in the bending direction for 
facilitating working is also accomplished. 
[0093] As shown in FIGs. 27A to 27C, a heating ele- 
ment insertion guide part 1 00 is formed in the margin far 
from the tip of the oxygen sensing element 2 in the axial 
direction of the heating element grip part 27. namely, the 
front margin. Specifically, the heating element grip part 
27 is formed with a slit 101 from one margin to an op- 
posite margin in the axial direction and the heating ele- 
ment insertion guide part 100 is formed like a taper by 
cutting away both side portions of the slit 101 slantingly 
toward one margin from an intermediate position of the 
slit. 

[0094] The heating element 3 can be fined into the 
terminal metal shell 23 by inserting the heating element 
3 into the heating element grip part 27 of the terminal 
metal shell 23 from the tip. It is pushed into the heating 
element grip part 27 while widening the heating element 
grip part 27 diametrically outward from the opening. At 
this time, the heating element 3 may be unable to be 
inserted smoothly because the tip margin of the heating 
element 3 is caught in the end margin of the grip part 
27. Particularly, if the slit 101 as described above is 
formed so that the grip part 27 can be elastically de- 
formed diametrically, the heating element 3 is easily 
caught in the margin of the slit 101. Then, if the slit 101 
is formed with the taper-like heating element insertion 
guide part 1 00, insertion of the heating element 3 is guid- 
ed smoothly by the effect of the taper, thus the heating 
element 3 becomes hard to be caught in the margin and 
can be fitted efficiently into the terminal metal shell 23. 
However, if catching the heating element 3 in the mar- 
gin, etc.. does not introduce a large problem at the as- 
sembling time, the heating element insertion guide part 
100 may be omitted. 

[0095] Referring again to FIG. 1, the internal electrode 
connection part 26 is formed with a positioning projec- 
tion part 50 projecting from the inner face and abutting 
the outer peripheral surface of the heating efement 3 at 
a position corresponding to a coupling part 30 of the 
heating element grip part 27 to the internal electrode 
connection part 26 in the proximity of the end on the op- 
posed side to the side where the heating element grip 
part 27 is coupled. The positioning projection part 50 is 
formed, for example, by denting the wall of the internal 
electrode connection part 26 inward by press working, 
etc., for positioning the heating element 3 in offset rela- 
tion to the center axis 02 of the hollow part of th oxygen 
sensing el ment 2 as described abov . 
[0096] The hollow part inner wall 2a of the oxyg n 
sensing el ment 2 is given a slight tap r with the bottom 
shrunk in diameter for the purpose of enhancing the r - 
leasability at the molding time, etc., v/hen it is manufac- 
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tured by molding and calcining solid electrolyte powder. 
In contrast, the heating element 3 is placed so that the 
center axis 01 thereof becomes almost parallel with the 
center axis 02 of the oxygen sensing element 2. as 
shown in FIGs. 28A. and 28B. etc. Thus, it is necessary s 
to make the gap formed between the heating element 3 
and the hollow part inner wall 2a larger as it heads for 
the base end of the heating element 3. The gap amount 
at the formation position of the positioning projection 
part 50 is defined to be a predetermined value, whereby 
the positioning projection part 50 satisfies the positional 
relationship wherein the heating element 3 comes in 
contact with the hollow part inner wall 2a in the proximity 
of the heating part 42 and the two center axes 01 and 
02 become almost parallel with each other. 
[0097] In the manufacturing process of the oxygen 
sensor 1 , normally the terminal metal shell 23 is fixed to 
the heating element 3 and then their assembly is insert- 
ed into the oxygen sensing element 2. Here, assuming 
that there is no restraint force of the heating element 3 
from the wall of the oxygen sensing element 2. the radial 
coupling position relationship of the heating element 
grip part 27 to the internal electrode connection part 26 
is defined so that the heating element grip part 27 and 
the positioning projection part 50 hold the center axis 

01 of the heating element 3 with the heating part 42 a 
little inclined so as to be away from the center axis 02 
of the hotlow part of the oxygen sensing element 2. 
whereby when the assembly is inserted, the tip of the 
heating element 3 is inserted into the element inner wall 
2a while sliding in elastic contact with the element inner 
wall 2a and as indicated by arrows in FIG. 27C. the heat- 
ing element 3 is attached to the oxygen sensing element 

2 while the inclination state is corrected in the direction 
in which the center axis Ot of the heating element 3 be- 
comes parallel with the center axis 02 of the hollow part. 
The coupling part 30 between the heating element grip 
part 27 to the internal electrode connection part 26 is 
formed in a narrow shape by forming a U-shape notch 
in the circumferential direction from both sides. When 
the heating element 3 is attached to the oxygen sensing 
element 2, the coupling part 30 becomes elastically de- 
formed inward and presses the heating part 42 of the 
heating element 3 against the hollow part inner wall 2a 
of the oxygen sensing element 2 by an elastic restora- 
tion force, producing a lateral strike form as shown in 
FIG. t. 

[0098] In this state, a resultant bend moment of stress 
exerted on the heating element 3 by the element inner 
wall 2a, stress acting on the heating element 3 in the 
positioning projection part 50, and stress acting on the 
heating element 3 in th heating element grip part 27 
occurs in the heating element 3. The coupling part of the 
narrow part adjacent to th internal electrode connec- 
tion part 26 adjusts th stress or the bend moment so 
that the heating lement 3 is not broken by the bend 
moment, in other words, stress exceeding the allowable 
strength range of the heating element 3 does not occur. 



[0099] That is, the coupling part 30 also plays a roll in 
absorbing and buffering the bend force given to the 
heating element 3 via the heating element grip part 27 
and the positioning projection part 50 in the insertion 
step for preventing damage, etc. . to the heating element 
3. The elastic force can be adjusted by adjusting the 
width of the narrow part. In other words, the narrow width 
of the coupling part 30 is set properly whereby the elas- 
tic force can be adjusted to a proper value and in the 
lateral strike structure of the heating element 3 in FIG. 
1 . the elastic press force against the element inner wall 
2a can be provided as a necessary sufficient value. 
[0100] Next, as shown in FIG. 29B. a slit-like part 44 
parallel with the axial direction occurs at one point of the 
outer periphery of the heating element 3 as a joint gap 
when the external layer ceramic part 43 of the heating 
element 3 is wound around the ceramic rod 45, the re- 
sistance pattern 41 does not exist in the proximity of the 
slit-like part 44, and a heating sparse portion results. In 
the lateral strike structure of the heating element 3 
against the element inner wall 2a, it is desirable to strike 
the surface of the heating part 42 on the opposite side 
to the slit-like part 44 against the element inner wall 2a. 
In doing so, effective heat transmission occurs from the 
sufficient heating portion directly to the oxygen sensing 
element 2. 

[0101] The hollow part inner wall 2a of the oxygen 
sensing element 2 is shaped like a taper The difference 
between inner diameter mean value (simply, inner diam- 
eter) DA of the hollow part inner wall 2a and outer diam- 
eter DB of the heating element 3, AD=DA-DB. is set to 
0.1-0.35 mm, preferably 0.15-0.30 mm. The ratio of AD 
to the outer diameter DB of the heating element 3, AD/ 
DB, is set to 0.13 or less, preferably 0.10 or less. The 
operation of the oxygen sensor 1 will be discussed. 
[0102] FIG. 28B shows an example of a structure in 
which the center axis 01 of the heating element 3 is con- 
centric with the center axis 02 of the oxygen sensing 
element 2. As seen by comparing it with FIG. 23A, in the 
example in FIG. 23A, the center axis 01 of the heating 
element 3 is offset by distance 6 from the center axis 02 
of the oxygen sensing element 2 with the center axis 01 
of the heating element 3 almost parallel with the center 
axis 02 of the oxygen sensing element 2 and the tip sur- 
face of the heating part 42 is pressed against the ele- 
ment inner wall 2a from side as a lateral strike structure. 
For easy understanding in FIG. 28A, the gap between 
the heating element 3 and the oxygen sensing element 
2 is drawn bombastically: when the inner diameter of the 
element inner wall 2a is 2.8-3.2 mm and the outer diam- 
eter of the heating element 3 is 2.43-2.63 mm, it is ad- 
visable to set the offs t amount 5 to about 0.085-0.385 
mm, for example, to provide th lat ral strik structur 
r liably without producing an xcessiv press fore b - 
twe n the heating element 3 and th oxygen s nsing 
el m nt 2. As compared with a h ating part 42* in FIG. 
28B, the heating part 42 in FIG. 28A is one-sided to the 
narrow area on the tip side of the heating element 3. as 
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described above. 

[01 03] Such a lateral strike structure of the heating el- 
ement 3 against the element inner wall 2a is adopted, 
whereby heat generated in the heating part 42 is trans- 
mitted promptly to the oxygen sensing element 2 by heat s 
conduction based on the above-mentioned contact for 
heating the oxygen sensing element 2 and the oxygen 
sensing element 2 is also heated by heat radiation of 
the locally heated portion in the proximity of the contact 
part. The synergistic heat transmission of the heat con- w 
duction and the heat radiation heats the oxygen sensing 
element 2 rapidly, shortening the rise time to activation 
temperature. 

[0104] Here, as shown in FIG. 2. the oxygen sensing 
element 2 is heated locally by the heating part 42 placed 
in the lateral strike state against the element inner wall 
2a. The sensor start-up time is maintained to a similar 
degree to that of the sensor of the structure shown in 
FIG. 23B or is shortened. The following is possible as 
the factor: For a sufficient oxygen concentration cell 20 
electromotive force to occur in the oxygen sensing ele- 
ment 2 formed of an oxygen ion conductive solid elec- 
trolyte, it is necessary to sufficiently raise catalyst activ- 
ity of the electrode layers 2b and 2c to an oxygen mol- 
ecule dissociation or rebonding reaction as well as to 25 
sufficiently lessen the electric resistance value of the ox- 
ygen sensing element 2. The detection output level of 
the sensor is determined by tradeoffs of the electric re- 
sistance value of the oxygen sensing element 2 and the 
catalyst activity of the electrode layers 2b and 2c. 30 
[0105] When the oxygen sensing element 2 is heated 
locally by the heating part 42, a decrease in electric re- 
sistance of the oxygen sensing element 2 as the solid 
electrolyte is activated develops less than that in the 
structure shown in FIG. 28B, for example. However, as 35 
shown in FIG. 2. locally heated portion 2d is heated to 
higher temperature, thus the catalyst activity of the elec- 
trode layers 2b and 2c is raised in the portion. When the 
catalyst activity of the electrode layer 2b improves, dis- 
sociation of oxygen molecules in measured gas is pro- *o 
moted and the effect compensates for the concentration 
cell electromotive force of the solid electrolyte and in 
turn the detection output level of the sensor, resulting in 
shortening of the sensor activation time (start-up time). 
[0106] The heating element 3 is placed so that the 
center axis 01 of the heating element 3 becomes almost 
parallel with the center axis 02 of the oxygen sensing 
element 2, whereby the side of the healing part 42 be- 
comes almost parallel with the hollow part inner wall 2a 
of the oxygen sensing element 2 and the walls of the so 
oxygen sensing element 2 can be heated more uniform- 
ly by the heating part 42 and in turn the effect of short- 
ening the oxygen sensor activation time is enhanced fur- 
th rmore. 

[0107] Further, as shown in FIG. 1, in the terminal ss 
m tal shell 23. th heating element grip part 27 is cou- 
pled only to the side of the internal electrode connection 
part 26 near to the heating part 42 of the heating element 



3, thus the length of the terminal metal shell 23 in the 
axial direction of the heating element 3 becomes short 
and in turn the oxygen sensor 1 is shortened in the axial 
length and is made compact. Since the heating element 
3 is gripped by one grip part 27, when the heating ele- 
ment 3 with the terminal metal shell 23 attached is in- 
serted into the hollow part of the oxygen sensing el - 
ment 2 for assembling the oxygen sensor 1 , an exces- 
sive lateral force via the terminal metal shell 23 becomes 
hard to act on the heating element 3 and damage, etc., 
to the heating element 3 at the assembling time can b 
prevented, as described above. 

[0108] As shown in FIG. 31 and FIG. 32, in the termi- 
nal metal shell 23. two heating element grip parts 27a 
and 27b can also be coupled to both axial sides of th 
internal electrode connection part 26 via coupling parts 
29 and 30. The positioning projection pan 50 may be 
formed in either of the heating element grip parts 27a 
and 27b. In this case, the inner diameter of the heating 
element grip part 27a, 27b needs to be preset largely 
considering the projection amount of the positioning pro- 
jection part 50. 

[0109] For example, in FIG. 31, the positioning pro- 
jection part 50 is formed in the heating element grip part 
27a far from the heating part 42. In FIG. 32, the posi- 
tioning projection part 50 is formed in the heating ele- 
ment grip part 27b near to the heating part 42. In this 
case, the heating part 42 of the heating element 3 abuts 
the hollow part inner wall 2a of the oxygen sensing ele- 
ment 2 on the opposite side to the side where the cou- 
pling part 29 or 30 is positioned, whereby the heating 
element 3 is inclined to the hollow part inner wall 2a a 
little largely and the center axis 01 of the heating ele- 
ment 3 crosses the center axis 02 of the hollow part at 
a predetermined inclination 0, as shown in FIG. 33. 
[0110] In FIG. 33, for easy understanding, the gap be- 
tween the heating element 3 and the oxygen sensing 
element 2 and the inclination 9 are drawn bombastically. 
When the inner diameter of the element inner wall 2a is 
2.8-3.2 mm and the outer diameter of the heating ele- 
ment 3 is 2.43-2.63 mm, it is advisable to set the offset 
amount 6 of the center axis 01 in the proximity of the 
heating part 42 to the center axis 02 of the oxygen sens- 
ing element 2 and the inclination 9 to about 0.085-0.385 
mm and about 0.1° -0.5° respectively, tor example, to 
provide the lateral strike structure reliably without pro- 
ducing an excessive press force between the heating 
element 3 and the oxygen sensing element 2. 
[0111] Next, in a structure shown in FIG. 34, the ter- 
minal metal shell 23 is constituted by the internal elec- 
trode connection part 26 formed almost as in FIG. 1. In 
the axial direction of the heating element 3. the internal 
electrode connection part 26 is formed on one side with 
first heating element grip part 27a similar to that d - 
scribed above and formed on the other sid with second 
heating el ment grip part 27b. Here, as shown in FIGs. 
35A and 35B, the pair of the heating lement grip parts 
27a and 27b is coupled to the int mal lectrode connec- 
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tion part 26 so that the center axes of the heating ele- 
ment grip parts 27a and 27b are positioned on a com- 
mon axis 01 0 offset from and almost parallel with center 
axis 011 of the hollow part of the oxygen sensing ele- 
ment 2. 

[0112] Specifically, in the terminal metal shell 23. the 
first heating element grip part 27a and the second heat- 
ing element grip part 27b are connected integrally to the 
periphery on the same side in the diametric direction of 
the heating element 3 by the first and second coupling 
parts 29 and 30 of narrow parts to the corresponding 
ends of the internal electrode connection part 26. The 
coupling parts 29 and 30 are bent inward in the diametric 
direction of the internal electrode connection part 26 to 
form stepped parts and the bend amount is adjusted, 
whereby the center axis 01 0 of the heating element grip 
parts 27a and 27b is offset by a predetermined offset 
amount d (as described later) in the opposite direction 
to the formation side of the coupling parts 29 and 30 
almost in parallel with the center axis 011 of the hollow 
part of the oxygen sensing element 2 According to the 
structure, the heating element 3 can be held on the two 
grip parts 27a and 27b more stably. 
[0113] The terminal metal shell 23 as described above 
can be manufactured by bending a plate-liko metal 
member 123 shaped as shown in FIG. 36A, for example. 
That is. as shown in FIG. 36A, the plate-like metal mem- 
ber 123 is constituted by three plate-like parts 127a, 
126, and 127b integrated by connection parts 129 and 
130 to become the coupling parts 29 and 30 in the in- 
termediate part in the width direction. As shown in FIG. 
36B to 36D. the portions projecting on both sides of the 
connection parts 1 29 and 1 30 are bent like a cylinder in 
the width direction, thereby forming first heating element 
grip part 27a, internal electrode connection part 26a, 
and second heating element grip part 27b. As shown in 
FIG. 36E. the coupling parts 29 and 30 are bent like 
stepped forms so that the center axis 0 1 0 of the heating 
element grip parts 27a and 27b is placed at a predeter- 
mined position. 

[0114] In the plate-like metal member 123, both mar- 
gins in the width direction of the plate-like parts (first 
plate-like parts) 127a and 127b to become the heating 
element grip parts 27a and 27b are bent and opposed 
to each other to form slit 101 and the end part of one of 
the margins is cut away slantingly to form the heating 
element insertion guide part 100. 

[0115] Next, in a structure in FIGs. 38 A to 38C, first 
heating element grip part 27a and second heating ele- 
ment grip part 27b are formed as in the structure in FIG. 
35A and 35B. but the second heating element grip part 
27b has the center axis 011 offset by distance d from 
the center axis 01 0 of the first heating element grip part 
27a. as shown in FIG. 38B. That is. th first heating el- 
ement grip part 27a and th second heating element grip 
part 27b are connect d int grally to the periphery on th 
same side in the diametric dir ction of the heating ele- 
ment 3 by the first and second coupling parts 29 and 30 



of narrow parts to the corresponding ends of the internal 
electrode connection part 26. The first and second cou- 
pling parts 29 and 30 are bent inward in the diametric 
direction of the internal electrode connection part 26 to 

5 form stepped parts and the bend amount is adjusted, 
whereby the offset amount d between the center axes 
O10 and 011 of the first heating element grip part 27a 
and the second heating element grip part 27b is adjust- 
ed. According to the structure, the heating element 3 is 

to held in an inclination state by the two grip parts 27a and 
27b offset from each other and is pressed against the 
element inner wall 2a. so that it can be held in the incli- 
nation state more stably and the lateral strike effect of 
the heating element 3 is accomplished more reliably. 

is [0116] Here, for example, the offset amount d be- 
tween the center axes O10 and 01 1 of the first heating 
element grip part 27a and the second heating element 
grip part 27b can be set as follows: As shown bombas- 
tically in FIG. 39 for easy understanding, for example. 

20 when the inner diameter of the element inner wall 2a is 
2.8-3.2 mm and the outer diameter of the heating ele- 
ment 3 is 2.43-2.63 mm. it is advisable to set the angle 
between the center axis 01 of the heating element 3 
and the center axis 02 of the hollow part of the oxygen 

2S sensing element 2. 9, to about 0.1° -0.5° as descried 
above. Assuming that the distance between axial end 
faces of the first heating element grip part 27a and the 
second heating element grip part 27b is L. tan6 = d/L 
and tan0.1 • = 0.0017 and tan0.5° = 0 0087, thus d may 

30 be set so that 0.001 7L <d < 0.0087L 

[01171 Also in the structure, the two heating element 
grip parts 27a and 27b are formed each with heating 
element insertion guide part 100. That is, since the two 
grip parts 27a and 27b are provided and moreover are 

35 formed in offset relation from each other to hold the heat- 
ing element 3 in the inclination state, the heating ele- 
ment 3 attempts to enter the lower grip part 27b in the 
offset state after it is inserted into the upper grip part 
27a. Thus, the above-described problem of catching the 

40 heating element in the grip part easily occurs particularly 
in the lower grip part 27b. Then, the heating element 
insertion guide parts 100 are formed as described 
above, whereby the heating element 3 can be smoothly 
fitted into the terminal metal shell 23 also in the struc- 

45 ture. Since the above-described problem of catching the 
heating element in the grip part occurs less in the upper 
grip part 27a than the lower grip part 27b, only the lower 
grip part 27b may be formed with the heating element 
insertion guide part 100. 

so [011 8] In a structure shown in FIG. 40, only one heat- 
ing element grip part 27 is provided for the internal elec- 
trode connection part 26 as in the structure in FIG. 1, 
but the positioning projection part 50 is not formed unlik 
the structure in FIG. 1. According to th structur in FIG. 

55 40, the heating element 3 is gripped by the one grip part 
27 with some motion fr edom in th direction crossing 
the axis. Therefore, if the heating element 3 is ins rted 
into the hollow part of the oxygen sensing element 2 to- 
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gether with the terminal metal shell 23. as the tip of the 
heating element 3 comes in contact with the inner wall 
of the oxygen sensing element 2. the heating element 
3 is positioned in parallel with the inner wall accordingly 
and a larger effect of shortening the oxygen sensor ac- s 
tivation time can be expected. In this case. AO or 4D/ 
DB is adjusted in the above-described range, whereby 
the tip of the heating element 3 becomes more easily 
parallel with the inner wall of the hollow part of the oxy- 
gen sensing element 2 and the effect of shortening the io 
oxygen sensor 1 activation time can be enhanced fur- 
thermore. 

[0119] As another effect, when the oxygen sensor 1 
is assembled, an excessive lateral force via the terminal 
metal shell 23 becomes hard to act on the heating ele- 
ment 3 and in turn damage to the heating element 3. 
etc., at the assembling time can be prevented. Further 
the length of the terminal metal shell 23 in the axial di- 
rection o>' the heating element can be shortened and in 
turn the length of the oxygen sensor in the axial direction 20 
of the heating element can be shortened for making the 
oxygen sensor compact. 

[0120] Next, in a structure shown in FIG. 41 , the heat- 
ing element grip part 27 is connected to the axial rear 
end of the internal electrode connection part 26 and a 25 
guide part 128 is connected to the front end. The guide 
part 123 has a transverse section shaped almost like a 
half circle and is inclined inward by a predetermined an- 
gle relative to the center axis of the terminal metal shell 
23, more particularly, the center axis of the heating ele- 30 
ment grip part 27 and the internal electrode connection 
part 26, so that it presses the heating element 3 against 
the element inner wall 2a in a direction perpendicular to 
the axial direction of the heating element 3. 
[0121] At least one of the following aspects of the in- 35 
vention can be added to the structure of the oxygen sen- 
sor according to the present invention: 

Aspect (A) of Invention 



40 

[01 22] An oxygen sensor of the invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 
ement, a filter assembly being placed almost coaxially 
with the castng as a cylindrical body separate from the 
casing and coupled to the casing from the rear while al- 
lowing leads from the oxygen sensing element to extend 
to the rear outside of the filter assembly, and a coupling 
part for coupling the filter assembly and the casing. The 
filter assembly is constituted by a filter holding part mak- so 
ing a cylindrical form almost coaxially coupled to the 
casing from the rear of the casing, having an inside com- 
municating with the inside of the casing, and being 
formed in a wall with on or more gas introduction holes, 
a filter being placed so as to block the gas introduction ss 
hole or holes in the filt r holding part from the inner or 
outer face side for rejecting permeation of liquid and al- 
lowing gas to oass through, and an auxiliary filter holding 



part for fixing the filter to the fitter holding part. Outside 
air is introduced into the casing through the filter and the 
gas introduction hole. 

[0123] In the oxygen sensor, the casing and the filter 
assembly can be formed as separate bodies and the fil- 
ter assembly can be placed on the rear of the casing, 
then the coupling part is formed, thereby coupling the 
casing and the filter assembly. 

[0124] The oxygen sensor is characterized by the fact 
that the ventilation structure containing the filter is 
formed as the filter assembly separate from the casing 
and is coupled to the casing. Thus, the following advan- 
tages can be accomplished: 

( 1 ) The filter assembly can be assembled independ- 
ently of fitting of the oxygen sensing element, etc., 
into the casing, thus the sensing element leads, for 
example, do not become obstruction and the as- 
sembling work can be carried out extremely effi- 
ciently. 

(2) Since fitting of parts into the casing can be per- 
formed in parallel with assembling of the filter as- 
sembly, productivity improves dramatically. Even if 
a fitting failure, etc., of the filter occurs, if it can be 
found at the stage of the filter assembly, the failure 
does not affect the sensor finished product and 
waste, etc., of parts is hard to occur. 

[0125] The filter assembly is constituted by a filter 
holding part being placed coaxially and integrally with 
the rear of the casing so that the inside of the filter hold- 
ing part communicates with the inside of the casing and 
formed in a wall with one or more gas introduction holes, 
a filter being placed so as to block the gas introduction 
hole or holes on the outside of the filter holding part for 
rejecting permeation of liquid and allowing gas to pass 
through, and an auxiliary filter holding part being formed 
like a cylinder placed on the outside of the filter and 
formed in a wall with one or more auxiliary gas introduc- 
tion holes for sandwiching the filter between the auxiliary 
filter holding part and the filter holding part. In this case, 
outside air is introduced into the casing through the aux- 
iliary gas introduction hole, the filter, and the gas intro- 
duction hole. That is, the filter can be held reliably by 
the auxiliary filter holding part and the filter holding part 
and the filter is also easily fitted into the filter holding 
part. For example, if the filter is formed like a cylinder, it 
is fitted into the outside of the filter holding part, further 
the auxiliary filter holding part is fitted from the outside, 
and the holding part coupling part for coupling the filter 
holding part and the auxiliary filter holding part may be 
formed at a position not interfering with the gas intro- 
duction hoi or the auxiliary gas introduction hoi . 
[0126] A plurality of the gas introduction holes and a 
plurality of th auxiliary gas introduction holes can be 
made with a predet rmined spacing along a circumfer- 
ential direction in positional relationship corresponding 
to each other in an axial int rmediate part in the filter 
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holding part and the auxiliary filter holding part whereby 
outside air can be uniformly introduced into the casing 
from the filter assembly side. For example, cylindrical 
filter can be placed on the outside of the filter holding 
part so as to surround the filter holding part in the cir- 
cumferential direction and the auxiliary filter holding part 
can be formed with an annular filter crimp part along the 
circumferential direction of the auxiliary filter holding 
part as a holding part coupling part by crimping the aux- 
iliary filter holding part toward the filter holding part with 
the filter between. Assembling of the filter assembly is 
furthermore facilitated by making the holding part cou- 
pling part the annular filter crimp part. The annular filter 
crimp part can be formed on both sides sandwiching ax- 
ially the gas introduction hole and auxiliary gas introduc- 
tion hole row. In this case, in each crimp part, the filter 
margin is sandwiched between the auxiliary filter hold- 
ing part and the filter holding part, whereby a passage 
bypassing the filter margin from the auxiliary gas intro- 
duction hole and leading to the gas introduction hole in 
the filter holding part is hard to form and the possibility 
that water, etc.. will pass through the passage and leak 
into the filter holding part and in turn the casing is also 
lessened. 

[0127] If the filter is shaped like a cylinder as de- 
scribed above and is placed along the outer periphery 
of the filter holding part, the filter crimp part can be 
formed along the circumferential direction on the rear 
end of the auxiliary filter holding part. A filter check part 
to visually check the filter positioned between the auxil- 
iary filter holding part and the filter holding part can be 
formed on the rear end of the auxiliary filter holding part. 
In doing so, the following advantage can be provided: 
When the cylindrical filter is fitted into the outside of the 
filter holding part and in this state, further the auxiliary 
filter holding part is fitted while it is relatively moved ax- 
ially to the filter holding part, the filter can move in as- 
sociation with the auxiliary filter holding part, causing a 
position shift. In this case, in this state, if the filter cramp 
part is formed, the filter is detached from the filter cramp 
part and sealing becomes incomplete However such a 
crimp failure of the filter can be easily found because 
the filter can be visually checked as described above in 
the filter check part. 

[01 28] To form the filter crimp part in the front end mar- 
gin of the auxiliary filter holding part, the filter crimp part 
can also be formed with a filter check exposure part tor 
exposing the filter partially. In doing so, whether or not 
the filter is normally crimped can also be determined 
easily in the front end margin of the auxiliary filter hold- 
ing part. 

[0129] Next, the filter assembly can be coupled to the 
casing by various methods. For example, the filter hold- 
ing part can be plac d so as to overlap the casing at the 
tip of the filter holding part from the outside and an an- 
nular assembly coupling crimp part as the coupling part 
can be formed in the circumferential direction of the filter 
holding part and the casing by crimping the filter holding 



part toward the casing in the overlap and can press the 
inner peripheral surface of the filter holding part against 
the outer peripheral surface of the casing in hermetic 
relation. That is. the filter assembly can be easily fitted 
5 into the casing by the assembly coupling crimp part. An 
annular weld part (for example, resistance we?: part or 
laser weld part) may be formed in place of or .ogether 
with the crimp part. 

[0130] Next, the filter holding part can have the axial 
10 front relative to a stepped part formed in an axial inter- 
mediate part of the filter holding part as a first portion 
and the rear as a second portion so that the second por- 
tion is made smaller in diameter than the first portion. In 
this case, the gas introduction hole can be made in a 
is wall of the second portion. On the other hand, the rear 
end part of the casing can be inserted into the first por- 
tion of the filter holding part to a position at which it abuts 
directly or indirectly via a member the stepped part. The 
casing overlap is formed in the first portion and the as- 
20 sembly coupling crimp part (or weld part) can be formed 
here. 

[0131] According to the structure of the oxygen sen- 
sor, the stepped part can be used to easily positioning 
axially the filter holding part to the casing. If a gas intro- 

25 duction hole is made in the small-diameter second por- 
tion and the filter and the auxiliary filter holding part are 
fitted into the hole from the outside, when the filter and 
the filter holding part are fitted in order from the upper 
side, for example, in a state in which the filter holding 

30 part is upright with the second portion up, the filter and 
the filter holding part can be stricken against the stepped 
part and stopped. Thus, assembling of the filter assem- 
bly is facilitated furthermore. In this case, the inner di- 
ameter of the auxiliary filter holding part needs to be pre- 
ss set smaller than the outer diameter of the first portion. 
[0132] The oxygen sensor can further include a ce- 
ramic separator formed with a plurality of lead insertion 
holes axially penetrating the ceramic separator for in- 
serting leads from the oxygen sensing element. In this 

40 case, the ceramic separator can be placed so that the 
rear thereof enters the inside of the filter holding part in 
the axial direction of the oxygen sensing element and 
the front enters the inside of the casing. A part of the 
ceramic separator is entered in the inside of the filter 

45 holding part, whereby free space formed in the filter 
holding part on the rear of the ceramic separator be- 
comes small and in turn the axial length of the oxygen 
sensor can be shortened accordingly for making the 
whole oxygen sensor compact. 

so [0133] In this case, the ceramic separator can be 
formed with a separator support part projecting from an 
out r peripheral surface of the ceramic separator,for ex- 
ample, like a flange at an intermediat position in the 
axial direction ther of. Th ceramic s parator can b 

55 placed so as to abut directly or indirectly via a memb r 
the rear end face of the casing in th s parator support 
part in a state in which a portion positioned ahead the 
separator support part is ent red in th rear end inside 
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of the casing and can be placed in a state in which a 
portion positioned behina the separator support part is 
projected to the outside of the casing. If the stepped part 
is formed in the axial intermediate part, the filter holding 
part can be placed so as to allow the projection of the s 
ceramic separator to enter the inside of the second por- 
tion and cover it and abut directly or indirectly via a mem- 
ber the separator support part in the stepped pari from 
an opposite side to the casing. That is, the separator 
support part is sandwiched between the end face of the *o 
casing and the stepped part of the filter holding part, 
whereby the ceramic separator can be supported more 
stably in the casing and in turn trouble such as breaking 
or chipping of the ceramic separator because of a rattle 
becomes hard to occur. is 
[0134] For example, the ceramic separator can be 
formed with a ventilation communication part axially 
penetrating the ceramic separator from the rear end 
face to the front end face thereof for introducing outside 
air flowing in through the gas introduction hole into the 20 
inside of the casing, whereby outside air as the refer- 
ence gas can be introduced into the oxygen sensing el- 
ement reliably and promptly. If water drops, etc.. are en- 
tered through the gas introduction hole for some reason, 
there is a possibility that the water drops will leak into 25 
the oxygen sensing element through the ventilation 
communication part. In this case, the rear end face of 
the ceramic separator can be positioned behind the gas 
introduction hole. In doing so, if water drops are entered, 
they must be bypassed to the rear end face of the ce- 
ramic separator to leak into the casing from the ventila- 
tion communication part, thus the possibility that the wa- 
ter drops will leak into the oxygen sensing element can 
b more lessened. 

Aspect (B) of the invention 

[0135] An oxygen sensor of the invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 
ement, and a gas introduction structure for introducing 
outside air into the casing. The gas introduction struc- 
ture has a filter holding part making a cylindrical form 
coaxial with the casing on the rear of the casing, having 
an inside communicating with the casing, and being 
formed in a wall with one or more gas introduction holes 
and a filter being placed so as to block the gas introduc- 
tion hole or holes of the filter holding part for rejecting 
permeation of liquid and allowing gas to pass through, 
for introducing outside air into the casing through the so 
filter and the gas introduction hole or holes. Placed on 
the outside of the gas introduction structure is a protec- 
tive cover formed like a cylinder for covering the outside 
of the gas introduction structure for blocking or sup- 
pressing a dir ct jet of liquid drops to the filter or depo- ss 
sition of deposits of oil, din:, etc., on the filt r. 
[01 36] That is. the filter for rejecting permeation of liq- 
uid and allowing gas to pass through is placed in the gas 
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introduction structure and further the protective cover is 
plac d on the outside thereof, whereby the entry of wa- 
ter drops, etc.. in the casing becomes harder to occur. 
Thus, if the oxygen sensor is attached to a part in the 
proximity of a tire of a vehicle, when the vehicle is driven 
while strongly jumping up water in a pool, etc., or high- 
pressure water is stricken directly to the filter at the ve- 
hicle washing time, the entry of water drops, etc., in the 
oxygen sensor can be prevented effectively using the 
filter and the protective cover in combination 
[0137] The gas introduction structure can be consti- 
tuted by a filter holding part being placed coaxially and 
integrally with the rear of the casing and formed in a wall 
with one or more gas introduction holes, a filter being 
placed so as to block the gas introduction hole or holes 
on the outside of the filter holding part for rejecting per- 
meation of liquid and allowing gas to pass through, and 
an auxiliary filter holding part being formed like a cylin- 
der placed on the outside of the filter and formed in a 
wall with one or more auxiliary gas introduction holes for 
sandwiching the filter between the auxiliary filter holding 
part and the filter holding part. In this case, outside air 
can be introduced into the casing through the auxiliary 
gas introduction hole, the filter, and the gas introduction 
hole. That is, the filter can be held reliably by the auxil- 
iary filter holding part and the filter holding part and the 
filter is also easily fitted into the filter holding part. For 
example, if the filter is formed like a cylinder, it is fitted 
into the outside of the filter holding part, further the aux- 
iliary filter holding part is fitted from the outside, and the 
holding part coupling part for coupling the filter holding 
part and the auxiliary filter holding part may be formed 
at a position not interfering with the gas introduction hole 
or the auxiliary gas introduction hole. 
[0138] The protective cover can have both side por- 
tions sandwiching the gas introduction hole in an axial 
direction joined to the outer face of the filter holding part 
by a cover joint part with a gas retention space produced 
between the protective cover and the filter at a position 
corresponding to the gas introduction hole, and an ex- 
ternal communication part for allowing the gas retention 
space to communicate with the outside and introducing 
outside air into the gas retention space can be provided, 
whereby outside air as the reference gas is introduced 
into the inside of the protective cover through the exter- 
nal communication part and can smoothly pass through 
the filter as the gas retention space is formed, so that 
the outside air (reference gas) can be introduced into 
the casing without a hitch although the protective cover 
is provided. 

[0139] In this case, the cover joint part can be formed 
annularly along the circumferential direction of the pro- 
tective cover and the external communication part can 
be formed like a passage crossing the annular cov r 
joint part bet we n th protective cover and th filt r 
holding part. That is, th entry of wat r drops, tc, into 
the inside of the cover memb r becomes hard to occur 
owing to the annular cov r joint part and moreover as 
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the external communication part is formed like a pas- 
sage crossing the annular cover joint part, the outside 
air can be introduced into the cover member without a 
hitch. 

[0140] The structure can be realized comparatively 
easily as follows: A plurality of predetermined-length 
grooves as the external communication part extending 
in the axial direction of the filter holding part are formed 
with a predetermined spacing along the circumferential 
direction on the outerperipheral surface of the filter hold- 
ing part ahead the air introduction hole. The cover joint 
part is an annular crimp part formed so as to cross the 
grooves and leave a gap between the protective cover 
and the filter holding part at the bottom of each groove 
by crimping the protective cover toward the filter holding 
part. Thus, outside air is introduced into the gas reten- 
tion space through the grooves from front opening of the 
gap formed between the protective cover and the filter 
holding part. In this case, the crimp pressure and the 
groove depth may be adjusted to such a degree that the 
gap can be provided at the groove bottom 
[0141] The front end margin of the protective cover 
can be extended to the front by a predetermined length 
from the end of each groove. Thus, the probability that 
if the oxygon sensor is caught in a splash, etc.. water 
drops, etc.. enter the inside of the protective cover can 
be more lessened. 

[0142] Next, the filter holding part can have the axial 
front relative to a stepped part formed in an axial inter- 
mediate part of the filter holding part as a first portion 
and the rear as a second portion so that the second por- 
tion is made smaller in diameter than the first portion. In 
this case, the gas introduction hole is made in a wall of 
the second portion. According to the structure of the ox- 
ygen sensor, when the filter and the filter holding part 
are fitted in order from the upper side, for example, in a 
state in which the filter holding part is upright with the 
second portion up, the filter and the filter holding part 
can be stricken against the stepped part and stopped. 
Thus, assembling of the gas introduction structure is fa- 
cilitated furthermore. In this case, the inner diameter of 
the auxiliary filter holding part needs to be preset smaller 
than the outer diameter of the first portion 
[0143] In the structure of the oxygen sensor, the 
grooves can be formed on the outer peripheral surface 
of the first portion. The protective cover is fixedly se- 
cured to the first portion by the annular crimp part in the 
front end part and is fixedly secured to the outer periph- 
eral surface of an end part of the second portion by an- 
other crimp part in the rear end part. Thus, the gas re- 
tention space can be easily formed between the protec- 
tiv cover and the second portion of smaller diameter, 
of the filter holding part. 

[0144] Th oxygen sensor can further include a ce- 
ramic separator being formed with a plurality of lead in- 
sertion holes axially penetrating the ceramic separator 
for inserting leads from the oxygen sensing element. 
The ceramic separator can be formed with a separator 



support part like a flange projecting from the outer pe- 
ripheral surface of the ceramic separator at an interme- 
diate position in the axial direction thereof. The ceramic 
separator is placed so as to abut directly or indirectly via 
a member the rear end face of the casing in 0". \epa- 
rator support part in a state in which a portion p ,oned 
ahead the separator support part is entered in j rear 
end inside of the casing. The annular crimp pa: . is the 
cover joint part can be formed at a position correspond- 
ing to the outer peripheral surface of the flange-like sep- 
arator support part. Thus, the compression force when 
the crimp part is formed can be received on the outer 
peripheral surface of the flange-like separator support 
part, so that the crimp part can be formed reliably 

Aspect (C) of invention 

[0145] An oxygen sensor of the invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 
ement, and a gas introduction structure. The gas intro- 
duction structure is constituted by a filter holding part 
making a cylindrical form almost coaxial with the casing 
on the rear of the casing, having an inside communicat- 
ing with the inside of the casing, and being formed in a 
wall with one or more gas introduction holes, a filter be- 
ing placed so as to block the gas introduction hole or 
holes on the outside of the filter holding part for rejecting 
permeation of liquid and allowing gas to pass through, 
and an auxiliary filter holding part being formed like a 
cylinder placed on the outside of the filter and formed in 
a wall with one or more auxiliary gas introduction holes 
for sandwiching the filter between the auxiliary filter 
holding part and the filter holding part, for introducing 
outside air into the casing through the auxiliary gas in- 
troduction hole, the filter, and the gas introduction hole. 
The filter comes in intimate contact with the inner face 
of the auxiliary filter hotding part at least in surroundings 
of the auxiliary gas introduction hole and a predeter- 
mined gap is formed between the outer face of the filter 
holding part and the filter at least in surroundings of the 
gas introduction hole. 

[0146] In the described oxygen sensor, distribution re- 
sistance of outside air passing through the filter is less- 
ened because the annular gap is made inside, and the 
outside air can be smoothly introduced into the casing 
through the gas introduction holes. On the other hand, 
the outer face of the filter adheres closely to the inner 
face of the auxiliary filter holding part, thus dust, oil, wa- 
ter drops, etc.. become hard to remain between the filter 
and the auxiliary filter holding part through the auxiliary 
gas introduction hole and in turn d gradation of oil or 
wat rrepellency on the outer face of the filter is st pped 
or suppressed, always providing good ventilation. Since 
oil b comes hard to remain, the entry of vapor of oil 
evaporated at high temperatur into the sensor through 
the filter is suppressed. Thus, for example, if the refer- 
ence gas temperature becomes high, sensor output 
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degradation becomes hard to occur. 
[0147] The auxiliary filter holding part can be formed 
with filter crimp parts for coupling the auxiliary filter hold- 
ing part to the filter holding part via the filter on both axial 
sides with the auxiliary gas introduction hole between. 
A portion positioned between the filter crimp parts of the 
auxiliary filter holding part can be bent outward together 
with the filter to form a convex form and the auxiliary gas 
introduction hole can be made in the top of the convex 
part. The top of the convex part can be flattened at least 
in surroundings of the auxiliary gas introduction hole and 
the inner face of the filter holding part can be brought 
into intimate contact with the filter in the flattened part. 
That is. if filter crimp parts are formed on both sides with 
the auxiliary gas introduction hole between, the portion 
between the crimp parts of the auxiliary filter holding part 
is bent outward to form a convex form, as described 
above. However, the top of the convex part is flattened, 
whereby the intimate contact structure between the aux- 
iliary filler holding part and the filter can be provided eas- 
ily. For example, a method of forming filter crimp parts 
while regulating convex part swelling on the top of the 
convex part using a flattening member is available as a 
method of forming the flattened portion in the auxiliary 
filter holding part. 

[0148] In this case, in the portion sandwiched be- 
tween the crimp parts, the auxiliary filter holding part and 
the filter holding part can be bent outward larger than 
the corresponding portion of the filter holding part and 
the gap can be formed between the filter holding part 
and the filter based on the bend amount difference be- 
tween the auxiliary filter holding part and the filter hold- 
ing part. That is. the auxiliary filter holding part is com- 
pressed and deformed comparatively largely in associ- 
ation with crimp and the bend amount in the convex part 
also grows, but the inner filter holding part is not so com- 
pressea and the bend amount is also small. On the other 
hand, the filter, which is flexible, is bent outward follow- 
ing the auxiliary filter holding part. Resultantly, the gap 
can be easily formed between the filter holding part and 
the filter based on the bend amount difference between 
the filter holding part and the auxiliary filter holding part. 
[0149] A plurality of the gas introduction holes and a 
plurality of the auxiliary gas introduction holes can be 
made with a predetermined spacing along a circumfer- 
ential direction in positional relationship corresponding 
to each other in an axial intermediate part in the filter 
holding part and the auxiliary filter holding part, whereby 
outside air can be uniformly introduced into the casing 
from the gas introduction structure side. For example, 
cylindrical filter can be placed on the outside of the filter 
holding part so as to surround the filter holding part in 
th circumfer ntia! direction and the auxiliary filter hold- 
ing part can be form d with an annular filt r crimp part 
along the circumfer ntial direction of the auxiliary filter 
holding part as a holding part coupling part by crimping 
the auxiliary filter holding part toward the filter holding 
part with the filter between. Specifically, th annular filter 



crimp part can be formed on both sides sandwiching ax- 
ially the gas introduction hole and auxiliary gas introduc- 
tion hole row. In this case, in each crimp part, the filter 
margin is sandwiched between the auxiliary filter hold- 
5 ing part and the filter holding part, whereby a passage 
bypassing the filter margin from the auxiliary gas intro- 
duction hole and leading to the gas introduction hole in 
the filter holding part is hard to form and the possibility 
that water, etc., will pass through the passage and leak 
io into the filter holding part and in turn the casing is also 
lessened. In this case, the convex part is formed annu- 
larly between the crimp parts, the top of the convex part 
is flattened annularly, and the auxiliary gas introduction 
holes are made in the flattened part. 
is [0150] The filter holding part may be formed with a 
concave part dented inward at least in surroundings of 
the gas introduction hole and the gap may be formed 
between the filter holding part and the filter in the con- 
cave part. In this case, the concave part may be formed 
20 like a dimple provided by denting the periphery of the 
gas introduction hole or formed annularly along the ar- 
rangement direction of the gas introduction holes. 

Aspect (D) of invention 

25 

[0151] An oxygen sensor of the invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 
ement, and a cover member being placed coaxially with 
30 the casing so that the inside of the cover member com- 
municates with the casing and coupled to the casing 
from the axial rear. The cover member is placed so as 
to overlap the casing on the axial front of the cover mem- 
ber from the outside. The overlap is formed with a main 
35 crimp part being formed annularly in the circumferential 
direction of the cover member and the casing by crimp- 
ing the cover member toward the casing and a rotation 
prevention part for preventing the cover member and the 
casing from relatively rotating around the axis of the cov- 
^0 er member and the casing in the annular main crimp 
part. 

[0152] According to the structure of the oxygen sen- 
sor, in the main crimp part, the contact face between the 
casing and the cover member becomes cylindrical, thus 
«5 excellent hermeticity is provided and water, etc., can be 
reliably prevented from leaking into the casing from the 
space between the casing and the cover member. The 
rotation prevention part is formed together with the main 
crimp part, whereby a twist force around the axis acts 
^0 on the space between the casing and the cover member, 
relative rotation is hard to occur therebetween and in 
turn the hermeticity in the main crimp part can be made 
mor reliable. 

[0153] If th rotation pr v ntion part is an auxiliary 
55 crimp part formed by crimping the cover m mber toward 
th casing at least on on sid of th main crimp part in 
the axial direction of th cov r member, it can b easily 
formed and is also exc llent in the rotation pr vention 
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effect. Specifically, the auxiliary crimp part can be 
formed to be adjacent to the main crimp part with a pre- 
determined spacing therebetween in the axial direction 
of the cover member and can be formed annularly along 
the circumferential direction of the cover member. The 
annular auxiliary crimp part is formed to be adjacent to 
the main crimp part, whereby the rotation prevention ef- 
fect can be enhanced furthermore. In this case, more 
specifically, the auxiliary crimp part can be made polyg- 
onal in axis cross section. In doing so. the contact face 
between the casing and the cover member becomes like 
an angular cylinder, and relative rotation between the 
casing and the cover member if a twist force acts be- 
comes extremely hard to occur. 

[0154] Preferably, the auxiliary crimp part is formed 
on the side near to the oxygen sensing element rather 
than the mam crimp part. That is. since the tip of the 
oxygen sensor can be exposed to high temperature, the 
positional relationship in which the main crimp part 
where hermeticity is prioritized is away from such a heat 
source is more desirable. 

[0155] The main crimp part and the auxiliary crimp 
part can be formed in batch using two crimp punch units 
each containing a plurality of crimp punches for com- 
pressing the cover member from the circumferential out- 
side, the crimp punch units being spaced from each oth- 
er at a predetermined distance in the axial direction of 
the cover member. According to the method, the main 
crimp part and the auxiliary crimp part are formed at the 
same time by executing one crimping step, thus not only 
efficiency, but also the following advantage can be ac- 
complished: Because of crimp punch compression, the 
cover member digs locally in the casing and is pressed 
thereagainst to form the crimp part. A crease part or a 
relief part accompanying the dig deformation is easily 
formed in the cover member in the surroundings of the 
press part. If the main crimp part and the auxiliary crimp 
part are formed in sequence, a crease part or a relief 
part caused by the crimp part formed later has an effect 
on the previously formed crimp part, impairing herme- 
ticity. However, if both the crimp parts are formed at the 
same time as described above, the effect of a crease 
part or a relief part can be pooled in the area between 
the crimp parts and sufficient intimate contact, namely, 
hermeticity can be provided in the crimp parts. 
[0156] The cover member of the oxygen sensor can 
be the filter assembly (in aspect (A) of the invention) be- 
ing placed almost coaxially with the casing as a cylindri- 
cal body separate from the casing and coupled to the 
casing from the rear while allowing leads from the oxy- 
gen sensing element to extend to the rear outside of the 
filter assembly. 

Aspect (E) of invention 

[0157] An oxygen sensor of th invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 



ement, and a gas introduction structure. The gas intro- 
duction structure is constituted by a filter holding part 
making a cylindrical form almost coaxial with the casing 
on the rear of the casing, having an inside communicat- 

s ing with the inside of the casing, and being formed in a 
wall with one or more gas introduction holes, a filter be- 
ing placed so as to block the gas introduction hole or 
holes on the outside of the filter holding part for rejecting 
permeation of liquid and allowing gas to pass through, 

10 and an auxiliary filter holding part being formed like a 
cylinder placed on the outside of the filter and formed in 
a wall with one or more auxiliary gas introduction holes 
for sandwiching the filter between the auxiliary filter 
holding part and the filter holding part, for introducing 

15 outside air into the casing through the auxiliary gas in- 
troduction hole, the filter, and the gas introduction hole. 
The filter holding part has the axial front relative to a 
stepped part formed in an axial intermediate part of the 
filter holding part as a first portion and the rear as a sec- 

20 ond portion so that the second portion is made smaller 
in diameter than the first portion, and the gas introduc- 
tion hole is made in a wall of the second portion. The 
auxiliary filter holding part is placed so as to spread 
across the first and second portions of the filter holding 

25 part. A main coupling part for coupling the filter holding 
part and the auxiliary filter holding part to each other with 
the filter between is formed at a position corresponding 
to the second portion. An auxiliary coupling part for cou- 
pling the filter holding part and the auxiliary filter holding 

30 part to each other is formed at a position corresponding 
to the first portion. 

[0158] In the described oxygen sensor, the filter hold- 
ing part consists of at least two portions of the first por- 
tion and the second portion different in diameter and ad- 

35 jacent to each other via the stepped part, the auxiliary 
filter holding part is shaped like a cylinder spreading 
across the two portions, and the main coupling part is 
formed in the second portion. In addition, the auxiliary 
coupling part is formed in the first portion. Thus, if a twist 

40 force around the axis is added to the space between the 
auxiliary filter holding part and the filter holding part, rel- 
ative rotation is hard to occur therebetween. Resultantly, 
the seal of the filter sandwiched between the auxiliary 
filter holding part and the filter holding part is hard to 

45 break and the entry of water drops, etc., into the casing 
is hard to occur. 

[0159] In the structure of the oxygen sensor, the filter 
can be placed so as to circumferentially surround only 
the second portion of the filter holding part. In this case, 

so the main coupling part can be an annular main crimp 
part formed along the circumferential direction of the 
sec nd portion by crimping the auxiliary filter holding 
part toward the second portion of the filter holding part 
with th filter between. Th auxiliary coupling part can 

ss be an annular auxiliary crimp part formed along th cir- 
cumf rential direction of the first portion by directly 
crimping the auxiliary filter holding part toward the first 
portion of the filter holding part. According to the struc- 
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ture of the oxygen sensor, the main coupling part and 
the auxiliary ccupiing part can be easily formed by 
crimping and moreover the filter sealability between the 
auxiliary filter holding pan and the filter holding part can 
be well provided. In the auxiliary crimp part, no filter in- 
tervenes between the auxiliary filter holding part and the 
filter holding part and both are directly crimped, so that 
the strength against twist can be enhanced furthermore. 
[0160] A plurality of the gas introduction holes and a 
plurality of the auxiliary gas introduction holes can be 
made with a predetermined spacing along a circumfer- 
ential direction in positional relationship corresponding 
to each other in an axial intermediate part in the filter 
holding part and the auxiliary filter holding part. The 
main crimp part can contain two crimp parts formed on 
both sides with the row of the gas introduction holes or 
the auxiliary gas introduction holes between. According 
to the structure of the oxygen sensor, outside air can be 
uniformly introduced into the casing in the gas introduc- 
tion structure. The filter sealability can be belter provid- 
ed by the two main crimp parts. 

Aspect (F) of invention 

[0161] An oxygen sensor of the invention is constitut- 
ed by: 



(1 ) an oxygen sensing element shaped like a shaft: 

(2) a cylindrical casing for housing the oxygen sens- 
ing element: 

(3) a ceramic separator being placed coaxially with 
the casing, supported directly or indirectly via a 
member in a casing support part formed at the rear 
end of the casing, and formed with a plurality of lead 
insertion holes axially penetrating the ceramic sep- 
arator for inserting leads from the oxygen sensing 
element: 

(4) a cover member being placed coaxially with the 
casing and coupled to the casing from the rear with 
the ceramic separator covered from the outside 
while allowing the leads to extend to the rear outside 
of the cover member: and 

(5) a metal elastic member being placed at least be- 
tween the cover member and the ceramic separator 
or between the casing support part and the ceramic 
separator in a compression state for producing a 
sandwich retaining force for the ceramic separator 
between the cover member and the casing support 
part. 

[0162] In the structure of the oxygen sensor, the metal 
elastic member produces a proper sandwich holding 
force on the ceramic separator between the cover mem- 
ber and the casing for preventing a rattl and fixing and 
holding the ceramic separator more reliably. On the oth- 
er hand, the metal lastic member also suppr sses an 
excessive sandwich force acting on the s parator sup- 
port part ct the ceramic separator because of elastic de- 
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formation of the metal elastic member when the oxygen 
sensor is assembled, etc., and in turn prevents the ce- 
ramic separator from being broken or chipped accord- 
ingly. The metal elastic member, which is made of metal, 
is excellent in heat resistance and can well maintain the 
ceramic separator rattle prevention effect over a long 
term even in a hostile operating environment at high 
temperature. 

[0163] The ceramic separator can be formed with a 
separator support part projecting from the outer periph- 
eral surface of the ceramic separator. The separator 
support part can be shaped like a flange along the cir- 
cumferential direction of the ceramic separator, for ex- 
ample. The metal elastic member can be a spring wash- 
er being inserted into the ceramic separator and placed 
at least between the cover member and the separator 
support part or between the casing support part and the 
separator support part in a compression state. Such a 
spring washer is adopted as the metal elastic member, 
whereby it can be fitted into the ceramic separator ex- 
tremely easily and an sufficient elastic force can be pro- 
vided. Specifically, a wave washer, namely, a washer 
formed with axial wave-shaped swell in the ring circum- 
ferential direction can be used as the spring washer, 
whereby a comparatively uniform sandwich force 
around the axis can be produced for the ceramic sepa- 
rator and the ceramic separator can be supported more 
stably. 

[0164] Next, the separator support part can be formed 
at an axial intermediate position of the ceramic separa- 
tor. In this case, the ceramic separator can be placed 
with an axial front portion housed in the rear end of the 
casing, the separator support part abutting directly or 
indirectly via a member an opening end face part of the 
casing as the casing support part, and a rear portion pro- 
jecting to the outside of the casing. The cover member 
covers the projection of the ceramic separator from the 
outside and can be formed at an axial intermediate po- 
sition on the inner peripheral surface with a cover sup- 
port part abutting directly or indirectly via a member the 
separator support part from the opposite side to the 
opening end face pan of the casing. The spring washer 
can be placed between at least one of the cover support 
part and the end face of the casing and the separator 
support part. In the structure of the oxygen sensor, the 
separator support part is formed at an axial intermediate 
position of the ceramic separator, the front portion of the 
ceramic separator ahead the separator support part is 
housed in the casing, and the rear portion is housed in 
the cover member, whereby the ceramic sensor can be 
held more stably. 

[01 65] The cover member can have the axial front rel- 
ative to a stepped part formed in an axial intermediate 
part of the cover member as a first portion and the rear 
as a second portion so that th sec nd portion is made 
smaller in diameter than the first portion. The stepped 
part can be used as the cover support part and the 
spring washer can be placed betwe n the cover support 
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part and the separator support part. That is. to efficiently 
assemble the oxygen sensor of the structure, with the 
cylindrical casing upright, the ceramic separator is in- 
serted through the upper opening and further the cover 
member is put from the upper side, in this case, if the 
spring washer is placed as described above, it can be 
easily and reliably fitted into the ceramic separator in- 
serted into the casing and the oxygen sensor can be 
assembled more efficiently. The cover member is 
formed with the stepped part as described above, so 
tnat the spring washer can be sandwiched reliably be- 
tween the stepped part and the separator support part. 
[01 66] In the structure of the oxygen sensor, the cover 
member of the oxygen sensor can be the filter assembly 
(in aspect (A) of the invention) being placed almost co- 
axially with the casing as a cylindrical body separate 
from the casing and coupled to the casing from the rear 
by me coupling part while allowing leads from the oxy- 
gen sensing element to extend to the rear outside of the 
filter assembly. 

Aspect (G) of invention 

[0167] An oxygen sensor of the invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 
ement, and a ceramic separator being placed coaxially 
with the casing, abutting a casing support part formed 
at the rear end of the casing and supported on the casing 
support part, and being formed with a plurality of lead 
insertion holes axially penetrating the ceramic separator 
for inserting leads from the oxygen sensing element. 
The casing support part is a buffer support part elasti- 
cally deformed more easily than the main part of the cas- 
ing in the axial direction of the casing and separator fix- 
ing means is provided for fixing the ceramic separator 
to the casing with the buffer support part compressed 
and deformed in the press direction by relatively press- 
ing the ceramic separator against the buffer support part 
in the axial direction. 

[0168] In the structure of the oxygen sensor, the buffer 
support part produces a proper sandwich holding force 
on the ceramic separator between the separator fixing 
means and the casing for preventing a rattle and fixing 
and holding the ceramic separator more reliably. On the 
other hand, it also suppresses an excessive sandwich 
force acting on the separator support part of the ceramic 
separator because of elastic deformation of the buffer 
support part when the oxygen sensor is assembled, etc. , 
and in turn prevents the ceramic separator from being 
broken or chipped accordingly. Since the buffer support 
part is integrated with the casing as the casing support 
part, the need for disposing a rubber ring, etc., as an- 
other member as with the conventional oxygen sensor 
is eliminated. Resultantly, the number of parts is de- 
creased for simplifying the sensor assembling step and 
in turn the sensor manufacturing efficiency can be im- 
proved. 



[0169] In the structure of the oxygen sensor, the cas- 
ing can be made of metal and the buffer support part 
can be made of the same metal material as the casing 
or different metal material from the casing. Thus, the 

£ buffer support part, which is made of metal, is \ client 
in heat resistance and can well maintain the- 3ramic 
separator rattle prevention effect over a long • .i even 
in a hostile operating environment at high tern, mature. 
[0170] Specifically, the buffer support part an be a 

10 spring part integrated with the main part. The spring part 
is integrated with the main part, whereby the suffer sup- 
port part can be elastically deformed reliably and in turn 
a necessary sufficient sandwich holding force on the ce- 
ramic separator can be produced between the separator 

15 fixing means and the casing for fixing the ceramic sep- 
arator more reliably. 

[0171] In this case, the spring part can be formed by 
bending back the opening end margin of the casing once 
or more than once in the radial direction of cross section. 

zo According to this method, the spring part can be formed 
easily in the opening end margin of the casing by press 
working, etc. More specifically, the spring part 90 can 
be formed by forming a thin part in the opening end mar- 
gin of the casing, once bending back the thin part to the 

25 inside in the radial direction of cross section, and fur- 
thermore once bending back the tip of the bent-back thin 
part outwardly. As the thin part is formed, bend working 
for forming the spring part is more facilitated and more- 
over the spring part can be formed more easily by twice 

30 performing bend working 

[0172] The buffer support part may be formed so as 
to become a portion of lower hardness than the main 
part of the casing. That is, the hardness of the buffer 
support part is made lower than that of the main part, 

35 whereby the buffer support part can be compressed and 
deformed relatively to the main part to provide a similar 
function to the spring part. The buffer support part can 
be formed of a different material having lower hardness 
than the main part, for example. In this case, the differ- 

40 ent material portion can be joined to the main part by 
welding, brazing, etc. A formation method by applying 
local softening heat treatment to the portion of the cas- 
ing to form the buffer support part by energization heat- 
ing, etc.. is also available. In this case, on the other 

45 hand, for example, the buffer support part and the main 
part are formed in one piece with the same material. 
[0173] Assuming that the Vickers hardness of the 
buffer support part is Hvs and that the Vickers hardness 
of the main part is Hvh, it is advisable to set Hvh is 320 

so or more. If Hvh becomes less than 320, the strength of 
the casing is insufficient and durability of the oxygen 
sensor may be unable to be provided. More preferably, 
Hvh is set to 360 or mor . It is advisable to adjust the 
hardness of the buffer support part so that Hvh-Hvs be- 

55 com s 60 or mor . If Hvh-Hvs b com s less than 60, a 
relativ deformation amount of the buffer support part 
to the main part is insufficient and an intended effect 
may be unable to be suffici ntly accomplished. More 
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preferably Hvh-Hvs is set to 80 or more. 
[0174] The ceramic separator can be formed with a 
separator support part projecting from the outer periph- 
eral surface of the ceramic separator. The separator 
support part can be shaped like a flange along the cir- s 
cumferential direction of the ceramic separator, for ex- 
ample. The buffer support part as a casing support part 
can be formed in the opening end face part of the casing 
and the separator support part can be abutted against 
the buffer support part, whereby the ceramic separator io 
can be fitted extremely easily by simply inserting the ce- 
ramic separator into the casing through the opening 
thereof. 

[0t75] In the structure of the oxygen sensor, a cover 
member being placed coaxially with the casing and cou- 
pled to the casing from the rear with the ceramic sepa- 
rator covered from the outside while allowing the leads 
to extend to the rear outside of the cover member can 
be provided. In this case, the cover member can be 
formed at an axial intermediate position on the inner pe- 20 
ripheral surface with a cover support part abutting the 
separator support part from the opposite side to the buff- 
er support part. Thus, it is coupled to the casing with the 
buffer support part compressed and deformed, thereby 
forming the separator fixing means. The cover member 25 
can be provided for holding and fixing the ceramic sep- 
arator more stably and reliably. 

[0176] The cover member of the oxygen sensor can 
be the filter assembly (in aspect (A) of the invention) be- 
ing placed almost coaxially with the casing as a cylindri- 
cal body separate from the casing and coupled to the 
casing from the rear while allowing leads from the oxy- 
gen sensing element to extend to the rear outside of the 
filter assembly. 

Aspect (H) of invention 

[0177] An oxygen sensor of the invention is constitut- 
ed by an oxygen sensing element shaped like a shaft, 
a cylindrical casing for housing the oxygen sensing el- 
ement, a ceramic separator being placed in the casing 
and formed with a plurality of lead insertion holes axially 
penetrating the ceramic separator for inserting leads 
from the oxygen sensing element, and an elastic seal 
member being coaxially integrated with a rear opening 
or the rear of the casing and having an inside fitted elas- 
tically into the inside of a different cylindrical body com- 
municating with the casing and seal lead insertion holes 
for inserting the leads for sealing a gap between outer 
faces of the leads and the inner face of the casing or the so 
different cylindrical body. The axial rear end face of the 
ceramic separator adheres closely to the axial front end 
face of the elastic seal member. The ceramic separator 
is formed with a ventilation communication part axially 
penetrating the ceramic s parator. An op ning of th ss 
ventilation communication part on the side near to the 
elastic seal member in the axial direction is made at a 
position wher th opening is not shielded by the elastic 
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seal member. 

[0178] In the structure of the oxygen sensor, the open- 
ing of the ventilation communication part on the side 
near to the elastic seal member is not shielded by th 
elastic seal member, thus ventilation of the ceramic sep- 
arator in the ventilation communication part is not 
blocked although the elastic seal member is brought into 
intimate contact with the ceramic separator. 
[0179] Specifically, the ceramic separator can be 
formed with a through hole for axial ventilation in addi- 
tion to the separator lead insertion holes and can b 
formed on the rear end face with a ventilation groove 
communicating with the through hole for ventilation at 
one end and opened to the outer peripheral surface of 
the ceramic separator at the opposite end. In this case, 
the through hole for ventilation and the ventilation 
groove make up the ventilation communication part. Ac- 
cording to the structure of the oxygen sensor, the open- 
ing at the opposite end of the ventilation groove is 
opened to the outer peripheral surface of the ceramic 
separator, thus not shielded by the elastic seal member 
and gas ventilation in the ventilation groove and its fol- 
lowing through hole for ventilation can be made reliable. 
A lateral through hole opened at one end to the outer 
peripheral surface of the ceramic separator and at the 
opposite end communicating with the through hole for 
ventilation may be made in a direction crossing the axial 
direction in an axial intermediate part of the ceramic sep- 
arator However, to manufacture the ceramic separator 
by molding and calcining powder, if the ventilation 
groove is formed on the end face of the ceramic sepa- 
rator, a powder molded article can be manufactured by 
far easily and the manufacturing efficiency is high. 
[0180] The oxygen sensor can be configured more 
specifically as follows: A gas introduction structure 
which has a filter holding part making a cylindrical form 
almost coaxial with the casing on the rear of the casing, 
having an inside communicating with the inside of the 
casing, and being formed in a wall with one or more gas 
introduction holes and a filter being placed so as to block 
the gas introduction hole or holes of the filter holding 
part for rejecting permeation of liquid and allowing gas 
to pass through is provided for introducing outside air 
into the casing through the filter and the gas introduction 
hole or holes (corresponding to the above-mentioned 
different cylindrical body). A ceramic separator is placed 
so that the rear thereof enters the inside of the filter hold- 
ing part in the axial direction of the oxygen sensing el- 
ement and the front enters the inside of the casing and 
is formed with a plurality of lead insertion holes axially 
penetrating the ceramic separator for inserting leads 
from the oxygen sensing element. An elastic seal mem- 
ber is fitted elastically into a rear opening of the filter 
holding part and having seal lead ins rtion holes for in- 
serting the leads for sealing the gap b tw en the out r 
fac s of th leads and the inn r face of the filter holding 
part. Th rear end face of the c ramie separator is po- 
sitioned on the rear side behind th gas introduction hole 
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in the axial direction and adheres closely to the axial 
front end face of the elastic seal member. On the other 
hand, a gap is formed between the inner peripheral sur- 
face of the filter holding part and the outer peripheral 
surface of the ceramic separator at least at the lead in- 
sertion position and gas throuqh the gas introduction 
ho., is supplied to the gap. The ceramic separator is 
formed with the ventilation communication part for guid- 
ing the gas introduced into the gap into the casing. 
[0181] According to the structure of the oxygen sen- 
sor, the filter for rejecting permeation of liquid and allow- 
ing gas to pass through is used to form a part of the gas 
introduction structure, so that water drops, etc.. are pre- 
vented from entering the casing and outside air as a ref- 
erence gas can be sufficiently introduced into the cas- 
ing. In this case, the rear end face position of the ceramic 
separator is set behind the gas introduction hole. If water 
drops, etc.. enter the gas introduction structure through 
the gas introduction hole, the ceramic sensor blocks the 
way of the water drops. Thus, the water drops, etc.. be- 
come harder to flow into the casing. On the other hand, 
the reference gas flowing in through the gas introduction 
hole can be introduced into the casing through the ven- 
tilation groove and the through hole for ventilation with- 
out a hitch. 

[0182] Next, the oxygen sensing element can be 
formed like a hollow shaft with the tip closed and a shaft- 
like heating element for heating the oxygen sensing el- 
ement can be placed in the hollow part In this case, the 
ceramic separator can have the four separator lead in- 
sertion holes for inserting the leads from the oxygen 
sensing element and the heating element so that cent- 
ers of the lead insertion holes are positioned on a phan- 
tom circumferential path (separator pitch circle) The 
through hole for ventilation can be made in an area sur- 
rounded by the four separator lead insertion holes at the 
center of the ceramic separator Further the ventilation 
groove can be shaped like a cross at a position not in- 
terfering with the four separator lead insertion holes on 
the rear end face of the ceramic separator. Thus, effi- 
cient use of the limited volume of the ceramic sensor 
can be made to efficiently place and form the insertion 
holes of the leads from the oxygen sensing element and 
the heating element, the through hole for ventilation, and 
the ventilation groove in optimum sizes. 
[0183] On the other hand, the oxygen sensor of the 
invention can be configured as follows: The ceramic 
separator is formed with a separator support part like a 
flange projecting from the outer peripheral surface of the 
ceramic separator at an intermediate position in the ax- 
ial direction thereof, is placed so as to abut directly or 
indirectly via a member the rear end face of the casing 
in the separator support part in a state in which a portion 
positioned axially ahead the separator support part is 
entered in the rear end inside of the casing, and is 
plac d in a state in which an axial rear portion is pro- 
jected to the outside of the casing. The projection of the 
ceramic separator from the casing is covered with a cov- 



er member as the different cylindrical body from the out- 
side. One or a plurality of the ventilation communication 
parts are formed so as to axially penetrate the flange 
part of the ceramic separator. Since the flange part can 
5 be used to provide the gas ventilation passage, the 
structure of the oxygen sensor is useful, for example, if 
the main part of the ceramic separator does not have a 
space for forming the ventilation communication part. If 
one ventilation communication part is made in the main 
w part of the ceramic separator and another ventilation 
communication part is also made in the flange part, gas 
can be ventilated more smoothly. 
[0184] Specifically, the ventilation communication 
part can be a plurality of grooves or notches made at 
is predetermined angle intervals in the outer peripheral 
surface of the flange part, whereby gas can be ventilated 
uniformly in the circumferential direction of the flange 
part and moreover a powder molded article before it is 
calcined can also be formed easily and the manufactur- 
20 jng efficiency is high: 

[0185] In the structure of the oxygen sensor, the cover 
member of the oxygen sensor can be the filter assembly 
(in aspect (A) of the invention) being placed almost co- 
axially with the casing as a cylindrical body separate 
25 from the casing and coupled to the casing from the rear 
while allowing leads from the oxygen sensing element 
to extend to the rear outside of the filter assembly. 
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Aspect (I) of invention 



[0186] An oxygen sensor of the invention constituted 
by an oxygen sensing element shaped like a hollow 
shaft with the tip closed having electrode layers on inner 
and outer faces and a shaft-like heating element being 
35 placed in the hollow part of the oxygen sensing element 
for heating the oxygen sensing element, characterized 
in that the center axis of the heating element is offset to 
one side with respect to the center axis of the hollow 
part of the oxygen sensing element in the proximity of 
40 the heating part of the heating element, it is desirable 
that the surface of the heating part of the heating ele- 
ment is in contact with the hollow part inner wall of the 
oxygen sensing element as a result of such offset. 
[0187] If the center axis of the heating element is off- 
45 set to one side with respect to the center axis of the hol- 
low part of the oxygen sensing element as described 
above, it is considered that the oxygen sensing element 
is locally heated on the offset side and the heating state 
around the center axis of the oxygen sensing element 
so becomes uneven. In comparison with common knowl- 
edge, the structure in which the oxygen sensing element 
is heated unevenly involves a large number of disad- 
vantages such that it is foar d that it will tak time until 
th electric resistance valu of the oxygen sensing el - 
55 ment becomes sufficiently low as a whole, resulting in 
th prolonged sensor start-up time. However, th inven- 
tor et al. lound out that un xpectedly the sensor activa- 
tion time is equal to the former sensor activation time or 
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is shortened by adopting the seemingly undesirable 
structure. 

[0188] For example, if the lateral strike structure in 
which the heating part comes in contact with the oxygen 
sensing element is adopted, heat generated in the heat- s 
ing part of the heating element can be conducted from 
the heating part directly to the oxygen sensing element 
based on the contact and radiation heat in the proximity 
of the contact point can also act effectively on the oxy- 
gen sensing element, thereby raising the temperature to 
of the oxygen sensing element in a short time for short- 
ening the sensor activation time. If a structure in which 
the heating part of the heating element is in contact with 
the hollow part inner wall of the oxygen sensing element 
from side is adopted, even if thermal expansion of the is 
heating part or the oxygen sensing element occurs, the 
structure is hard to receive the effect of the thermal ex- 
pansion as compared with a structure wherein the tip of 
the heating part is stricken against the inner face of the 
tip of the oxygen sensing element. In other words, if the 20 
heating part or the oxygen sensing element receives a 
heat history, the contact state therebetween becomes 
easy to maintain good by adopting the lateral strike 
structure. 

[01 89] I f the heating part is stricken against the hollow 2* 
part inner wail of the oxygen sensing element from side, 
the heat conduction efficiency as a whole becomes 
higher than that in the structure wherein the tip of the 
heating part is stricken against the tip of the oxygen 
sensing element because of the effects of direct heat 30 
conduction caused by the contact and the radiation 
heat. The contact state between the oxygen sensing el- 
ement and the heating part of the heating element in the 
oxygen sensor can be stably made reliable as described 
above, so that variations in the oxygen sensing element 35 
heating state are decreased, leading to the effect of de- 
creasing variations in the characteristics of the oxygen 
sensor. 

[0190] The oxygen sensor is constituted by a cylindri- 
cal casing for housing the oxygen sensing element and 40 
a ceramic separator being placed almost coaxially with 
the rear end of the oxygen sensing element and formed 
with a plurality of lead insertion holes axiaily penetrating 
the ceramic separator for inserting leads from the oxy- 
gen sensing element and the heating element. The lead «s 
insertion holes are arranged so as to surround the cent- 
er axis of the ceramic separator. The ceramic separator 
is formed with a heating element end housing hole 
opened at one end in the front end face of the ceramic 
separator with the bottom positioned in an axial inter- so 
mediate part of the ceramic separator and an inner di- 
ameter set larger than the outer diameter of the heating 
el ment. The heating lorn nt end housing hoi is 
formed by cutting away th c nter of th ceramic s pa- 
rator so as to overlap th s parator lead insertion holes ss 
from the inside and the rear nd part of th heating el- 
ement is housed in the heating element end housing 
hole. 



[0191] If the heating element is offset as described 
above, the rear end part thereof is offset with respect to 
th axis of the ceramic separator. Since the heating el- 
em nt end housing hole for housing the rear end part of 
the heating element has the inner diameter set larger 
than the outer diameter of the heating element, a dia- 
metrical move of the rear end part accompanying with 
the offset of the heating element is allowed within a giv- 
en limit. That is, if the heating element is offset, the rear 
end part thereof is prevented from interfering with the 
inner wall of the ceramic separator and the offset 
amount can be set comparatively flexibly. 
[0192] If the lead insertion holes are made so that the 
centers thereof are placed on a phantom circumferential 
circle (pitch circle), it is advisable to set the inner diam- 
eter dl of the heating element end housing hole smaller 
than the diameter d2 of the separator pitch circle (name- 
ly, dl <d2). That is, the portion of the ceramic separator 
positioned between the adjacent separator lead inser- 
tion holes functions as a partition wall for separating the 
leads: as the heating element end housing hole is made, 
the partition wall is cut away from the inside. If d1>d2, 
the diametrical length of the partition wall becomes too 
short and the separation effect of the leads may be de- 
graded, leading to a short circuit, etc. 
[0193] It is desirable that the ratio between the diam- 
eter d2 of the pitch circle C1 of the lead insertion holes 
and the outer diameter D of the end of the heating ele- 
ment, d2/D, is adjusted in the range of 1 .7 to 2.8. If d2/D 
becomes less than 1 .7, a sufficient offset amount of the 
heating element cannot be provided, resulting in an in- 
sufficient lateral strike state of the heating element; a 
sufficient effect of shortening the sensor start-up time 
may be unable to be expected. If d2/D exceeds 2.8, the 
leads are too bent and damage, etc., to the leads easily 
occurs. On the other hand, it is advisable to set the ratio 
between depth h and inner diameter dl of the heating 
element end housing hole, h/d1, to 1.2 or less. For ex- 
ample, to incline the heating element to offset it, if h/d1 
exceeds 1 .2, the depth h of the housing hole becomes 
too large relative to the diameter dl and a sufficient in- 
clination amount of the heating element, namely, a suf- 
ficient offset amount cannot be provided: a sufficient ef- 
fect of shortening the sensor start-up time may be una- 
ble to be expected. 

[0194] The oxygen sensing element can be formed on 
the inside and the hollow part inner wall with porous 
electrodes, such as Pt porous electrodes, each having 
a reversible catalyst function (oxygen dissociation func- 
tion) for an oxygen molecule dissociation reaction to 
pour oxygen into the solid electrolyte forming the oxygen 
sensing element and an oxygen rebonding reaction to 
caus oxygen to be rel ased from the solid lectrolyte. 
In this cas , if th oxyg n sensing el m nt is heated 
locally, th sensor start-up tim is maintain d to a similar 
degre to the former sensor start-up tim or is short- 
ened. The following is possible as th factor: 
[0195] With the oxygen sensor, for xample. a r fer- 
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ence gas of air etc.. is introduced into the oxygen sens- 
ing element and the gas to be measured, such as ex- 
haust gas. is brought into contact with the outside of the 
oxygen sensing element, then the oxygen concentration 
in the measured gas is detected according to the oxygen 
concentration cell electromotive force produced at the 
oxygen sensing element based on the oxygen concen- 
tration difference between the inside and outside of the 
oxygen sensing element. In this case, for a sufficient ox- 
ygen concentration cell electromotive force to occur in 
the oxygen sensing element formed of an oxygen ion 
conductive solid electrolyte, it is necessary to sufficiently 
raise catalyst activity of the porous electrodes to an ox- 
ygen molecule dissociation or rebonding reaction as 
well as to sufficiently lessen the electric resistance value 
of the oxygen sensing element. The detection output 
level of the sensor is determined by tradeoffs of the elec- 
tric resistance value of the oxygen sensing element and 
the catalyst activity of the porous electrodes. 
[0196] It is estimated that the catalyst activity of the 
porous electrode made of Pt, etc.. for example, tends to 
grow rapidly in response to temperature rather than the 
oxygen ion mobility of a solid electrolyte of Zr0 2 family, 
etc. When the oxygen sensing element is heated locally 
in the structure of the invention, a decrease in electric 
resistance of the oxygen sensing element as the solid 
electrolyte is activated develops less than that in the 
former structure in which the oxygen sensing element 
and the heating element are placed concentrically be- 
cause of uneven heating. However, the locally heated 
portion is heated to higher temperature as compared 
with the former structure, thus the catalyst activity of the 
porous electrodes is raised in the portion and dissocia- 
tion of oxygen molecules in the measured gas is pro- 
moted. Then, the effect compensates for the concentra- 
tion cell electromotive force of the solid electrolyte and 
in turn the detection output level of the sensor, resulting 
in the effect of making the sensor activation time equal 
to the former sensor activation time or shortening the 
sensor activation time. 

[0197] Next, if the heating part of the heating element 
has a heating sparse portion of a sparse heating distri- 
bution in a part of the outer peripheral surface in the cir- 
cumferential direction thereof , it can be brought into con- 
tact with the hollow part inner wall of the oxygen sensing 
element in a portion other than the heating sparse por- 
tion. For example, to print a heating resistance pattern 
on a ceramic green sheet, wind it around a core, and 
calcine it. thereby forming the heating part, a heating 
pattern becomes sparse on the joint side. Thus, for ex- 
ample, the heating part surface on the opposite side can 
be brought into contact with th hollow part inner wall of 
the oxygen sensing element. This means that it is moro 
effective to bring the sufficient heating portion although 
a giv n heat transmission ff ct is also produced if the 
heating sparse portion comes in contact with the hollow 
part inner wall. The heating part of the heating element 
is offset in the circumferential direction, so that heating 



energy concentrates on a smaller volume and particu- 
larly the effect of shortening the activation time after the 
heater energization time is produced. 
[0198] The fact that the heating part of the heating el- 
ement is unevenly distributed in the tip of the heating 
element is effective on prompt heating of the oxygen 
sensing element. That is, the heating part can also be 
spread on the whole of the heating element, but in doing 
so. heat energy is easily dispersed. To effectively heat 
the oxygen sensing element, if the heating part is une- 
venly distributed in the tip of the heating element, it gen- 
erates heat locally: it is preferred. The sensor activation 
time can be more shortened by using the local heating 
pattern of the heating part and the lateral strike structure 
based on offset placement in combination. 
[0199] Further, a structure can be adopted wherein 
the heating element is fitted into the oxygen sensing el- 
ement via a terminal metal shell for pressing the heating 
part of the heating element against the hollow part inner 
wall of the oxygen sensing element, whereby the lateral 
strike structure as described above is guaranteed more 
stably and the effect of decreasing variations in the sen- 
sor characteristics is enhanced furthermore. 
[0200] A preferred example of the terminal metal shell 
can bo constituted by a heating element grip part for 
gripping a heating element, at least one internal elec- 
trode connection part being formed so as to surround 
the heating element in the circumferential direction and 
coming in contact with an inner electrode layer of an ox- 
ygen sensing element, and a guide part for pressing the 
heating element in a direction perpendicular to the axial 
direction of the heating element on the opposite side to 
the heating element grip part with the internal electrode 
connection part between. The center axis of the heating 
element is inclined relative to the center axis of the hol- 
low part of the oxygen sensing element by the heating 
element grip part and the guide part, whereby the heat- 
ing part of the heating element is pressed against the 
hollow part inner wall, also called the element inner wall, 
and the heating element is fixed. According to the struc- 
ture, the guide part presses the heating element against 
the element inner wall, thus the lateral strike structure 
described above can be realized easily through the ter- 
minal metal shell. 

[0201] Focusing attention on stress produced on the 
heating element, a resultant bend moment acting on the 
heating element, of stress acting on the heating element 
in the element inner wail, stress acting on the heating 
element in the guide part, and stress acting on the heat- 
ing element in the heating element grip part occurs in 
the heating element. It is advisable to lessen the elastic 
force of the guide part so that the heating element is not 
brok n by the bend moment. In other words, the heating 
element is pressed against the element inner wall main- 
ly by the elastic force of the guide part and th elastic 
force is adjusted properly, wher by the press state of 
aggr ssive contact form of the heating element can be 
continued stably while break, etc.. of the heating el - 
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ment is prevented. 

[0202] A coupling part for coupling at least the guide 
part and the internal electrode connection part or the 
internal electrode conn ction part and the heating ele- 
ment grip part in a narrow form can be formed as a spe- 
cific example for lessening the elastic force of the guide 
part. As a result of the presence of the coupling part in 
a narrow form, the elastic force of the guide part is prop- 
erly lessened and break, etc. , of the heating element can 
be prevented effectively. When the heating element is 
about to become deformed due to thermal stress, it can 
also be expected that the coupling part becomes elas- 
tically deformed (or plastically deformed) properly lor 
easing the deformation of the heating element. 
[0203] Next, the terminal metal shell can also be a ter- 
minal metal shell which is constituted by at least one 
internal electrode connection part being formed so as to 
surround a heating element in the circumferential direc- 
tion and coming in contact with an inner electrode layer 
of an oxygen sensing element, a first heating element 
grip part being adjacent to one side of the internal elec- 
trode connection part and integrated therewith and 
formed so as to surround the heating element in the cir- 
cumferential direction for gripping the heating element, 
and a second heating element grip part being adjacent 
to the opposite side of the internal electrode connection 
part and integrated therewith with the center axis offset 
from the center axis of the first heating element grip part 
and formed so as to surround the heating element in the 
circumferential direction for gripping the heating ele- 
m nt. In this case, the centeraxis of the heating element 
is inclined relative to the center axis of the hollow part 
of the oxygen sensing element by the first and second 
heating element grip parts with the center axes offset 
from each other, whereby the heating part of the heating 
element is pressed against the hollow part inner wall and 
the heating element is fixed. According to the structure, 
the heating element is held in the inclination state and 
pressed against the element inner wall by the two grip 
parts offset from each other, thus the lateral strike struc- 
ture described above can be realized easily through the 
terminal metal shell. The heating element can be held 
in the inclination state more stably by the two grip parts 
and the lateral strike effect of the heating part can be 
accomplished more reliably. 

[0204] More specifically, the first and second heating 
element grip parts can be connected to the periphery on 
the same side in the diametric direction of the heating 
element to the corresponding ends of the internal elec- 
trode connection part and the center axis of the first so 
heating sisment grip part can be positioned on a far side 
from the centeraxis of the second heating element grip 
part viewed from the conn ction part. In the structur , 
when tne heating part is form d at the tip of the heating 
element th tip of th h ating I ment is inclined to th S3 
connectio n part sid andispr ssed against the lement 
inner wail on the connection part side. For example, 
when an output tor ground) terminal of the oxygen sens- 



ing element is projected at a position corresponding to 
the connection part side to the first heating element grip 
part at the end opposed to the connection side to the 
internal electrode conn ction part, the heating element 
s is placed as described above, whereby, for example, in- 
terference between a power supply terminal of the heat- 
ing element (generally, formed at the end of the heating 
element opposed to the heating part formation side) and 
the output terminal becomes hard to occur when the ox- 
10 ygen sensor is assembled, and in turn the sensor can 
be assembled easily. However, if a problem of the inter- 
ference between the terminals, etc., does not occur, the 
center axis of the first heating element grip part may be 
positioned on a near side to the connection part from 
is the center axis of the second heating element grip part 
(namely, inclination of the heating element is inverted). 
[0205] More specifically, the first heating element grip 
part and the internal electrode connection part can be 
placed so that their center axes almost match, and the 
20 second heating element grip pan can be placed so that 
its center axis is offset to the connection part side with 
respect to the center axis of the internal electrode con- 
nection part. That is, the first heating element grip part 
and the internal electrode connection part are placed co- 
2S axially, whereby, for example, the power supply terminal 
of the heating element and the output (or ground) termi- 
nal of the oxygen sensing element can be spaced from 
each other comparatively uniformly, and in turn trouble 
such as insulation failure between the terminals can be 
30 decreased. 

[0206] Also in the structure, the terminal metal shell 
can be formed with a coupling par for coupling the first 
heating element grip part and the internal electrode con- 
nection part or the internal electrode connection part 
3S and the second heating element grip part in a narrow 
form. That is, if the heating element is gripped at the two 
grip parts, heat expansion or shrinkage of the heating 
element is easily restricted and thermal stress easily oc- 
curs, but the coupling part becomes elastically or plas- 
40 tically deformed for easing the thermal stress and in turn 
making damage to the heating element, etc., hard to oc- 
cur. 

[0207] In this case, the coupling part formed between 
the first heating element grip part and the internal elec- 
45 trode connection part (first coupling part) and the cou- 
pling part formed between the internal electrode con- 
nection part and the second heating element grip part 
(second coupling part) each can be bent inward in the 
diametric direction of the internal electrode connection 
part to form a stepped part. In doing so, a new advan- 
tage is produced that the offset amount between the 
center axes of the first and second heating element grip 
parts can b easily adjust d by adjusting th b nd 
amounts of the first and s cond coupling parts. 
[0208] At least ith rofth int mal lect rode connec- 
tion part and the heating el ment grip part of the t rminal 
m tal shell can also be formed with a positioning pro- 
jection part projecting from the inner face of the int mal 
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electrode connection part or the heating element grip 
part and abutting the outer peripheral surface of the 
heating element for positioning the heating element so 
that the center axis of the heating element is offset to 
one side relative to the center axis of the hollow part of 
the oxygen sensing element in the proximity of the heat- 
ing part. The positioning projection part can be easily 
formed by press working, etc.. for example, if the termi- 
nal metal shell is made of a drawn article. The offset 
amount of the center axis of the heating element from 
the center axis of the hollow part can also be adjusted 
easily in response to the projection height of the posi- 
tioning projection part from the inlernal electrode con- 
nection part or the inner face of the heating element grip 
part. 

[0209] Both or either of the heating element grip part 
and the internal electrode connection part may be 
formed with the positioning projection part in the termi- 
nal metal shell. However, if the internal electrode con- 
nection part is formed with the positioning projection part 
and either of the heating element grip parts coupled to 
the internal electrode connection part is omitted, the 
length of the terminal metal shell in the axial direction of 
the heating element can be shortened and in turn the 
oxygen sensor can be shortened in the axial length and 
can be made compact. Since the heating element is 
gripped by one grip part, for example, when the heating 
element with the terminal metal shell attached is insert- 
ed into the hollow part of the oxygen sensing element 
for assembling the oxygen sensor an excessive lateral 
force via the terminal metal shell becomes hard to act 
on the heating element and damage, etc., to the heating 
element at the assembling time can be prevented. 
[0210] The heating element grip part to be omitted in 
the terminal metal shell may be on either side in the 
length direction of the heating element. However, if the 
heating element grip part on the far side from the heating 
element is omitted- in other words, if the heating element 
grip part is coupled only to the side of the internal elec- 
trode connection part near to the heating part of the 
heating element in the terminal metal shell, gripping of 
the heating element on the far side easily affected by an 
external force through the output terminal, etc.. of the 
oxygen sensor is released and if a lateral force is re- 
ceived, it is easily relaxed: the effect of preventing dam- 
age, etc., to the heating element can be enhanced fur- 
thermore. More specifically, the internal electrode con- 
nection part is formed with the positioning projection part 
at a position corresponding to the coupling part of the 
heating element grip part to the internal electrode con- 
nection part in the proximity of the end on the opposed 
side to the side wh r the h ating element grip part is 
coupled, the distanc between the support point of the 
positioning projection part (abutment point) and the sup- 
port point of the heating element grip part can be in- 
creased in the axial dir ctionoftheh ating element and 
in turn the heating el ment can be positioned and sup- 
ported more stably by means of the terminal metal shell. 



[0211] If a first phantom plane containing the center 
axis of the hollow part of the oxygen sensing element 
and a second phantom plane containing the center axis 
of the hollow part and being orthogonal to the first plane 

s are set in the hollow part and the hollow part r iivided 
by the first plane and the second plane into fc areas, 
the heating element can be placed so that thr note of 
the portion of the center axis positioned in t hollow 
part fits in any of the four areas. In other worr the first 

w and second phantom planes can always s£< anywhere 
so that the whole of the portion of the center axis of the 
heating element positioned in the hollow part fits in any 
of the four areas of the hollow part. 
[0212] The advantages provided by the structure of 

is the oxygen sensor will be discussed with reference to 
FIG. 30. For convenience in the description to follow, it 
is assumed that the heating part 42 is formed in the in- 
sertion end of the heating element 3 into the oxygen 
sensing element 2 and that the hollow part inner wall 2a 

20 of the oxygen sensing element 2 forms almost a cylin- 
drical face (however, the hollow part inner wall 2a may 
be given a taper with the bottom shrunk in diameter for 
the purpose of enhancing the releasability at the mold- 
ing time, etc.. when it is manufactured by molding and 

25 calcining solid electrolyte powder). First, FIG. 30c 
shows a case in which if the first and second phantom 
planes P1 and P2 are set anyway, the center axis 01 of 
the heating element 3 cannot be fitted in any one of the 
four areas of the hollow part separated by the planes P1 

30 and P2. That is, the center axis 01 is fairly inclined to 
the center axis 02 of the oxygen sensing element 2 and 
resultantly the center axis 01 must inevitably be spread 
across two or more areas of the follow part. On the other 
hand, FIG. 30b shows a case in which if the first and 

35 second phantom planes P1 and P2 are set properly, the 
center axis 01 of the heating element 3 can be fitted in 
any one of the four areas. In this case, inclination of the 
center axis 0 1 of the heating element 3 to the center axis 
02 of the oxygen sensing element 2 becomes always 

40 gentle as compared with the case shown in FIG. 30c. 
[0213] In comparison therebetween, in the structure 
shown in FIG. 30c, the distance to the hollow part inner 
wall 2a of the oxygen sensing element 2 becomes short 
at the corner of the end side of the heating element 2 

45 and heating tends to concentrate slightly on the portion. 
In contrast, in the structure shown in FIG. 30a, the incli- 
nation of the center axis 01 of the heating element 3 to 
the center axis 02 of the oxygen sensing element 2 is 
more gentle than that in the structure in FIG. 30c, thus 

so the side of the heating part 42 becomes almost parallel 
to the hollow part inner wall 2a of the oxygen sensing 
el ment 2 and the walls of the oxygen sensing element 
2 can b heat d more uniformly by the heating part 42. 
R sultantly, a larger eff ct of shortening the oxygen sen- 

55 sor activation time can b exp ct d. However, also in 
th structure shown in FIG. 30c. the center axis 01 of 
the heating el ment 3 is offset from the center axis 02 
of th oxygen sensing element 2 and a given or mor 
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effect of shortening the oxygen sensor activation time 
can be expected, needless to say. 
[0214] In this case, as shown in FIG. 30b, if the heat- 
ing element 3 is placed in the hollow part so that the 
center axis of the heating element 3 becomes almost s 
parallel to the center axis of the hollow part of the oxygen 
sensing element, the effect of making the side of the 
heating part 42 parallel to the hollow part inner wall 2a 
of the oxygen sensing element 2 and in turn the effect 
of uniformly heating the walls of the oxygen sensing el- 10 
ement 2 can be accomplished more noticeably. 
[0215] Specifically, the heating element 3 can be 
placed in offset relation so that the center axis of the 
heating element becomes almost parallel to and one- 
sided to the center axis of the hollow part of the oxygen is 
sensing element. In this case, a terminal metal shell hav- 
ing an internal electrode connection part being formed 
so as to surround the heating element in the circumfer- 
ential direction and coming in contact with the inner elec- 
trode layer ol the oxygen sensing element and a pair of 20 
heating element grip parts being coupled to both sides 
of the internal electrode connection part in the axial di- 
rection of the heating element for gripping the heating 
element can be provided. According to the structure of 
the oxygen sensor, a new advantage of providing a ca- 25 
pability of holding the heating element more stably by 
the two grip parts is added. 

[0216] On the other hand, a terminal metal shell hav- 
ing an internal electrode connection part being formed 
so as to surround the heating element in the circumfer- 30 
ential direction and coming in contact with the inner elec- 
trode layer of the oxygen sensing element and a heating 
element grip part being coupled only to the end part of 
the internal electrode connection part near to the tip of 
the heating element in the axial direction thereof for grip- 35 
ping the heating element can also be provided. Accord- 
ing to the structure of the oxygen sensor, the heating 
element is gripped by one grip part with some motion 
freedom in the direction crossing the axis. Therefore, if 
the heating element is inserted into the hollow part of 40 
the oxygen sensing element together with the terminal 
metal shell, as the tip of the heating element comes in 
contact with the inner wall of the oxygen sensing ele- 
ment, the heating element is positioned in parallel with 
the inner wall accordingly and a larger effect of shorten- 45 
ing the oxygen sensor activation time can be expected. 
When the oxygen sensor is assembled, an excessive 
lat rai force via the terminal metal shell becomes hard 
to act on the heating element and in turn damage to the 
heating element, etc., at the assembling time can be so 
prevented. Further, the length of the terminal metal shell 
in the axial direction of the heating element can be short- 
ened and in turn the length of the oxygon sensor in the 
axial direction of the heating element can be shortened 
for making the oxygen sensor compact. ss 
[0217] In the invention, the surfac of the h atingpart 
of the heating element is out of contact with the hollow 
part inner wall of the oxygen sensing element and is po- 



sitioned extremely near regardless of the offset place- 
ment of the heating element relative to th oxygen sens- 
ing element. Even in such a structure, th effect of heat 
radiation, etc., from the heating part to the oxygen sens- 
ing element is enhanced as compared with the case with 
no offset, thus a given effect of shortening the oxygen 
sensor activation time is produced. 
[0218] In the oxygen sensor of the invention, it is de- 
sirable that the difference between the axis section inner 
size of the oxygen sensing element. DA, and the axis 
section outer size of the heating element, DB, AD = DA 
- DB, is 0.35 mm or less. If the inner peripheral surfac 
of the oxygen sensing element or the outer peripheral 
surface of the heating element is cylindrical, the axis 
section inner size of the oxygen sensing element means 
the inner diameter or the axis section outer size of the 
heating element means the outer diameter If the inner 
peripheral surface of the oxygen sensing element or the 
outer peripheral surface of the heating element has an 
axis section form off a circle, the axis section size means 
the inner diameter or the outer diameter in terms of th 
circular cross section of the same area. Further, if the 
axis section size is not constant in the axial direction (for 
example, shaped like a taper), a mean value in the axial 
direction of the axis section size is adopted. 
[0219] If AD = DA - DB exceeds 0.35 mm, the oxygen 
sensing element activation time and in turn the sensor 
start-up time may be prolonged or the sensor start-up 
time may easily vary from one sensor to another. The 
possible reason is as follows: For example, to strike the 
heating part against the hollow part inner wall of the ox- 
ygen sensing element from side, if AD grows, the lateral 
strike force easily varies from one sensor to another. 
More preferably, the value of AD is set to 0.30 mm or 
less. On the other hand, if AD becomes less than 0.1 
mm, it becomes hard to insert the heating element into 
the hollow part of the oxygen sensing element and the 
efficiency of fitting the heating element into the oxygen 
sensing element may be lowered. Therefore, it is advis- 
able to set AD to 0.1 mm or more: more preferably, AD 
is set to 0.15 mm or more. 

[0220] It is desirable that the ratio of the difference be- 
tween the axis section inner size of the oxygen sensing 
element, DA, and the axis section outer size of the heat- 
ing element, DB, AD = DA - DB, to DB, AD/DB, is 0.13 
or less. If AD/DB exceeds 0. 1 3. the sensor start-up time 
may be prolonged or may easily vary from one sensor 
to another. More preferably, AD/DB is set to 0. 1 0 or less. 
[0221 ] The structure of the oxygen sensor is effective 
particularly if the heating element is gripped only by one 
grip part. That is, AD or AD/DB is adjusted in the above- 
mentioned range, whereby as the tip of the heating el- 
em nt comes in contact with th hollow part inn r wall 
of th oxyg n sensing I m nt, it becom s more easily 
parallel to th hollow part inner wall of the oxyg n s ns- 
ing lementandthe ffect of short ningth oxygens n- 
sor activation time is enhanced furthermore. 



33 



65 



EP 0 899 562 A2 



65 



Aspect (J^ of invention 

[0222] An oxygen sensor of a first structure according 
to aspect (J) of the invention is constituted by an oxygen 
sensing element shaped like a hollow shaft with the tip 
closed having electrode layers on inner and outer faces, 
a shaft-like heating element being placed in the hollow 
part of the oxygen sensing element for heating the ox- 
ygen sensing element, and a terminal metal shell. The 
terminal metal shell is constituted by an internal elec- 
trode connection part being formed so as to surround a 
heating element in the circumferential direction and 
coming in contact with an inner electrode layer of an ox- 
ygen sensing element, a heating element grip part being 
coupled to at least one side of the internal electrode con- 
nection part in the axial direction of the heattng element 
for gripping the heating element. The heating element 
grip part of the terminal metal shell is shaped like a cyl- 
inder into which the heating element is inserted, and be- 
comes elastically deformed radially outward as the heat- 
ing element is inserted for gripping the heating element 
by an elastic restoration force. It is also formed in at least 
one end margin in the axial direction with a heating el- 
ement insertion guide part for guiding insertion of the 
heating element. 

[0223] According to the structure of the oxygen sen- 
sor, the heating element grip part is formed with the 
heating element insertion guide part, thus when the 
heating element is inserted into the heating element grip 
part for fitting the terminal metal shell, the end margin 
of the heating element becomes hard to be caught in 
the margin of the heating element grip part, whereby the 
heating element can be easily fitted into the terminal 
metal shell and in turn the oxygen sensor manufacturing 
efficiency can be enhanced. 

[0224] In the oxygen sensor, often the heating ele- 
ment is inserted into the heating element grip part from 
the tip for fitting the heating element into the heating el- 
ement grip part. In this case, it is desirable that the heat- 
ing element insertion guide part is formed in the margin 
of the heating element grip part on the far side from the 
tip of the oxygen sensing element. 
[0225] Next, the heating element insertion guide part 
can be formed as a notch part cut from the end margin 
of the cylindrical heating element grip part in the axial 
direction thereof and reduced in width gradually in the 
depth direction, whereby the heating element can be in- 
serted smoothly into the heating element grip part. 
[0226] An oxygen sensor of a second structure ac- 
cording to aspect (J) of the invention is constituted by 
an oxygen sensing element shaped like a hollow shaft 
with the tip closed having electrode layers on inner and 
outer faces, a shaft-lik heating element being placed 
in the hollow part of the oxygen sensing element for 
heating the oxyg n sensing lement, and a terminal 
metal shell. The terminal m tal shell is constituted by an 
internal electrode connection part being formed so as to 
surround a heating element in the circumferential direc- 



tion and coming in contact with an inner electrode layer 
of an oxygen sensing element a heating element grip 
part being coupled to at least one side of the internal 
electrode connection part in the axial direction of the 

5 heating element for gripping the heating element. The 
heating element grip part of the terminal metal shell is 
shaped like a cylinder into which the heating element is 
inserted, and becomes elastically deformed radially out- 
ward as the heating element is inserted for gripping the 

io heating element by an elastic restoration force. It is also 
formed in at least one end margin in the axial direction 
with a notch cut in the axial direction and reduced in 
width gradually in the depth direction. 
[0227] According to the structure of the oxygen sen- 
's sor. the notch made in the heating element grip part can 
function as a heattng element insertion guide part for 
guiding insertion of the heating element, whereby when 
the heating element is inserted into the heating element 
grip part for fitting the terminal metal shell, the end mar- 

20 gin of the heating element becomes hard to be caught 
in the margin of the heating element grip part, so that 
the heating element can be easily fitted into the terminal 
metal shell and in turn the oxygen sensor manufacturing 
efficiency can be enhanced. 

25 [0228] In the first and second structures of the oxygen 
sensor, the cylindrical heating element grip part can be 
formed with a slit from one end margin to another end 
margin in the axial direction and the notch can be formed 
by cutting away both side portions of the slit of the heat- 

30 ing element grip part. By forming the slit, the heating 
element grip part can be easily elastically deformed ra- 
dially outward as the heating element is inserted. The 
notch can be formed like a taper by cutting away both 
side portions of the slit of the heating element grip part 

35 from an intermediate position of the slit to one margin. 
[0229] The terminal meta! shell having the heating el- 
ement grip part can be easily manufactured by adopting 
the following structure: It is formed of a metal plate mem- 
ber with a first plate-like portion to become the internal 

40 electrode connection part and a second plate-like por- 
tion to become the heating element grip part, the first 
and second plate-like portions being adjacent to each 
other in the length direction and coupled to each other 
by a coupling part at intermediate positions in the width 

45 direction. The first plate-like portion is bent like a cylin- 
der in both side portions in the width direction to form 
the internal electrode connection part. Likewise, the 
second plate-like portion is bent like a cylinder in both 
side portions in the width direction to form the heating 

50 element grip part. Then, both end margins in the width 
direction are opposed to each other to form the slit. 



Claims 

55 

1. An oxygen sensor (t ) comprising: 

an oxygen sensing element (2) shaped like a 
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shaft: 

a cylindrical casing (10) for housing said oxy- 
gen sensing element: and 
a cover member (16) being placed coaxially 
with said casing so that an inside of said cover s 
member communicates with said casing and 
coupled to said casing from an axial rear 
wherein said cover member (16) is placed so 
as to overlap said casing i 10) on an axial front 
of said cover member 1 1 6) from an outside: to 

further wherein the overlap is formed with: 

a main crimp part (76) being formed annularly 
in a circumferential direction of said cover is 
member (16) and said casing (10) by crimping 
said cover member (16) toward said casing 
(10): and 

a rotation prevention pan (77) for preventing 
said cover member (16) and said casing (10) 20 
from relatively rotating around the axis or said 
cover member (16) and said casing (10) in the 
annular main crimp part (76). 

The oxygen sensor as claimed in claim 1 wherein 25 
the rotation prevention part (77) is an auxiliary crimp 
part (77) formed by crimping said cover member 
(16) toward said casing (10) at least on one side of 
the main crimp part (76) in the axial direction of said 
cover member (16). 30 

The oxygen sensor as claimed in claim 2 wherein 
the auxiliary crimp part (77) is formed to be adjacent 
to the main crimp part (76) with a predetermined 
spacing therebetween in the axial direction of said 35 
cover member (16) and is formed annularly along 
the circumferential direction or" said cover member 
(16). 

The oxygen sensor as claimed in claim 3 wherein -to 
the auxiliary crimp part (77) is polygonal in axis 
cross section. 

The oxygen sensor as claimed in any of claims 2 to 
4 wherein the auxiliary crimp part (77) is formed on 
a side near to said oxygen sensing element (2) rath- 
er than the main crimp part (76). 

The oxygen sensor as claimed in claim 4 or 5 where- 
in the main crimp part (76) and the auxiliary crimp so 
part |77) are formed in batch using two crimp punch 
units (31, 83) each containing a plurality of crimp 
punches (85) for compressing said cover member 
(16) from the circumferential outside, the crimp 
punch units (81, 83)being spaced from each other ss 
at a predetermined distance in the axial direction of 
said cover member (16). 



7. The oxygen sensor as claimed in any of claims 1 to 
6 wherein said cover member ( 1 6) is a filter assem- 
bly comprising: 

a filter holding part (51) being placed coaxially 
and integrally with the rear of said casing (10) 
so that an inside of the filter holding part (51) 
communicates with an inside of said casing 
(10) and formed in a wall with one or more gas 
introduction holes (52): 

a filter (53) being placed so as to block the gas 
introduction hole or holes (52) on an outside of 
the filter holding part (51 ) for rejecting permea- 
tion of liquid and allowing gas to pass through: 
and 

an auxiliary filter holding part (54) being formed 
like a cylinder placed on an outside of the filter 
(53) and formed in a wall with one or more aux- 
iliary gas introduction holes (52) for sandwich- 
ing the filter (53) between the auxiliary filter 
holding part (54) and the filter holding part (51 ), 
wherein 

outside air is introduced into said casing (10) 
through the auxiliary gas introduction hole (55), 
the filter (53), and the gas introduction hole 
(52); and 

the overlap is formed between the filter holding 
part (51) and said casing (10). 

8. An oxygen sensor (1 ) comprising: 

an oxygen sensing element (2) shaped like a 
shaft: 

a cylindrical casing (10) for housing said oxy- 
gen sensing element (2): 
a ceramic separator (18) being placed coaxially 
with said casing (10), supported directly or in- 
directly via a member in a casing support part 
formed at a rear end of said casing (2), and 
formed with a plurality of lead insertion holes 
(72) axially penetrating said ceramic separator 
(18) for inserting leads (20. 21, 28, 29) from 
said oxygen sensing element (2): 
a cover member (16) being placed coaxially 
with said casing (10) and coupled to said casing 
(10) from a rear with said ceramic separator 
(18) covered from an outside while allowing the 
leads to extend to the rear outside of said cover 
member (16): and 

a metal elastic member (74) being placed at 
least between said cover member (1 6) and said 
ceramic separator (16) or between the casing 
support part and said ceramic separator (18) in 
a compression stat for producing a sandwich 
retaining force for said ceramic separator (18) 
b tween said cover memb r (16) and the cas- 
ing support part. 
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9. The oxygen sensor as claimed in claim S wherein 
said ceramic separator (18) is formed with a sepa- 
rator support part projecting from an outer periph- 
eral surface of said ceramic separator (13) and 

said metal elastic member (74) is a spring 
washer being inserted into said ceramic separator 
(13) and placed at least between said cover mem- 
ber (16) and the separator support part (73) or be- 
tween the casing support part and the separator 
support pan (73) in a compression state. 

10. The oxygen sensor as claimed in claim 9 wherein 
the separator support part (73) is formed at an axial 
intermediate position of said ceramic separator 
(18): 

said ceramic separator (18) is placed with an 
axial front portion housed in the rear end of said 
casing (10). the separator support part (73) 
abutting directly or indireclly via a member an 
opening end face part of said casing ( 1 0) as the 
casing support part (73). and a rear portion pro- 
jecting to the outside of said casing (10): 
said cover member (16) covers the projection 
of said ceramic separator (18) from the outside 
and is formed at an axial intermediate position 
on an inner peripheral surface with a cover sup- 
port part abutting directly or indirectly via a 
member the separator support part (73) from 
an opposite side to the opening end face part 
of said casing (10): and 

the spring washer is placed between at least 
one of the cover support part and the end face 
of said casing (10) and the separator support 
part (73). 

11. The oxygen sensor as claimed in claim 10 wherein 
said cover member (16) has an axial front relative 
to a stepped part (66) formed in an axial intermedi- 
ate part of said cover member ( 1 6) as a first portion 
(61 ) and a rear as a second portion (62) so that the 
second portion (62) is made smaller tn diameter 
than the first portion (61): and 

the stepped part (60) is used as the cover sup- 
port part and the spring washer is placed be- 
tween the cover support part and the separator 
support part (73). 

12. An oxygen sensor (1) comprising: 

an oxygen sensing element (2) shaped like a 
shaft: 

a cylindrical casing (10) for housing said oxy- 
gen sensing element (2): 
a gas introduction structure (16) having a filter 
holding part (51) making a cylindrical form co- 
axial with said casing (10) on a rear of said cas- 



ing (10). having an inside communicating with 
said casing (10) and being formed in a wall with 
one or more gas introduction holes (52) and a 
filter (53) being placed so as to block the gas 

5 introduction hole or holes (52) of said fil* hold- 

ing part (51 ) for rejecting permeation liquid 
and allowing gas to pass through, sa; as in- 
troduction structure ( 1 5) for introducing jtside 
air into said casing (10) through the r er (53) 

w and the gas introduction hole or holes \52): and 

a protective cover (64) being formed like a cyl- 
inder for covering said gas introduction struc- 
ture ( 1 6) from an outside thereof for blocking or 
suppressing a direct jet of liquid drops to said 

75 filter (53) or deposition of deposits of oil. dirt, 

etc.. on said filter (53). 

13. The oxygen sensor as claimed in claim 12 wherein 
said gas introduction structure (16) comprises a fil- 

20 ier holding part (51) being placed coaxially and in- 

tegrally with the rear of said casing (10) and formed 
in a wall with one or more gas introduction holes 
(52), a filter (53) being placed so as to block the gas 
introduction hole or holes (52) on an outside of the 

25 filter holding part (51 ) for rejecting permeation of liq- 
uid and allowing gas to pass through, and an aux- 
iliary filter holding part (55) being formed like a cyl- 
inder placed on an outside of the filter (53) and 
formed in a wall with one or more auxiliary gas in- 

30 traduction holes (55) for sandwiching the filter (53) 
between the auxiliary filter holding part (54) and the 
filter holding part (5 1 ), for introducing outside air into 
said casing through the auxiliary gas introduction 
hole (52), the filter (53), and the gas introduction 

35 hole (52). 

14. The oxygen sensor as claimed in claim 12 or 13 
wherein said protective cover (64) has both side 
portions sandwiching the gas introduction hole (52) 

40 in an axial direction joined to an outer face of the 
filter holding part (51 ) by a cover joint part (66, 67) 
with a gas retention space (65) produced between 
said protective cover (64) and the filter at a position 
corresponding to the gas introduction hole (52): and 

45 

an external communication part (68) for allow- 
ing the gas retention space (65) to communi- 
cate with the outside and introducing outside 
air into the gas retention space (65) is provided. 

so 

15. The oxygen sensor as claimed in claim 14 wherein 
the cover joint part (66, 67) is formed annularly 
along a circumferential dir ction of said protective 
cov r (64): and 

55 

the xternal communication part (68) is formed 
like a passage crossing th annular cover joint 
part (66. 67) between said protective cover (64) 
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and the filter holding part (51). 

16. The oxygen sensor as claimed in claim 15 wherein 
a plurality of predetermined-length grooves (69) as 
the external communication part (63) extending in s 
the axial direction of the filter holding part (51) are 
formed with a predetermined spacing along the cir- 
cumferential direction on the outer peripheral sur- 
face of the filter holding part (51) ahead the air in- 
troduction hole (52): w 

the cover joint part (66. 67) is an annular crimp 
part formed so as to cross the grooves (69) and 
leave a gap between said protective cover (64) 
and the filter holding part (51) at the bottom of 
each groove (69) by crimping said protective 
cover (64) toward the filter holding pan (51): 
and 

outside air is introduced into the gas retention 
space (65) through the grooves (69) from front 20 
opening of the gap formed between said pro- 
tective cover (64) and the filter holding part. 

17. The oxygen sensor as claimed in claim 16 wherein 

the front end margin of said protective cover (64) 25 
extends to the front by a predetermined length from 
the end of each groove (69). 

18. The oxygen sensor as claimed in claim 16 or 17 
wherein the filter holding part (5 1 ) has an axial front 30 
relative to a stepped part (66) formed in an axial in- 
termediate part of the filter holding part (51) as a 
first portion (61 ) and a rear as a second portion (62) 

so that the second portion (62) is made smaller in 
diameter than the first portion (61), the gas intro- 35 
duction hole (52) being made in a wall of the second 
portion (62): and 

the grooves (69) are formed on an outer periph- 
eral surface of the first portion (61) and said 40 
protective cover (64) is fixedly secured to the 
first portion (61 ) by the annular crimp part in the 
front end part and is fixedly secured to an outer 
peripheral surface of an end part of the second 
portion (62) by another crimp part in the rear 45 
end part. 

19. The oxygen sensor as claimed in any of claims 15 
to 18 further comprising a ceramic separator (13) 
being formed with a plurality of lead insertion holes so 
(72) axially penetrating said ceramic separator (19) 
for inserting leads from said oxygen sensing ele- 
ment (2). wh rein 

said ceramic separator (18) is formed with a S3 
separator support part (73) like a flange project- 
ing from an outer peripheral surface of said ce- 
ramic separator ( 1 8) at an intermediate position 



in an axial direction thereof: 
said ceramic separator (18) is placed so as to 
abut directly or indirectly via a member the rear 
end face of said casing (10) in the separator 
support part (73) in a state in which a portion 
positioned ahead the separator support part 
(73) is entered in the rear end inside of said cas- 
ing (1 0): and 

the annular crimp part as the cover joint part 
(66, 67) is formed at a position corresponding 
to an outer peripheral surface of the flange-like 
separator support part (73). 

20. An oxygen sensor comprising: 

an oxygen sensing element (2) shaped like a 
shaft: 

a cylindrical casing (10) for housing said oxy- 
gen sensing element (2): 

a gas introduction structure (16) comprising a 
filter holding part (51 ) making a cylindrical form 
almost coaxial with said casing (10) on a rear 
of said casing (10), having an inside communi- 
cating with an inside of said casing (10), and 
being formed in a wall with one or more gas in- 
troduction holes (52), a filter (53) being placed 
so as to block the gas introduction hole or holes 
(52) on an outside of the filter holding part (51 ) 
for rejecting permeation of liquid and allowing 
gas to pass through, and an auxiliary filter hold- 
ing part (54) being formed like a cylinder placed 
on an outside of the filter (53) and formed in a 
wall with one or more auxiliary gas introduction 
holes (55) for sandwiching the filter (53) be- 
tween the auxiliary filter holding part (54) and 
the filter holding part (51), for introducing out- 
side air into said casing (10) through the auxil- 
iary gas introduction hole (55). the filter (53), 
and the gas introduction hole (52): wherein 
the filter (53) comes in intimate contact with an 
inner face of the auxiliary filter holding part (54) 
at least in surroundings of the auxiliary gas in- 
troduction hole (55) and a predetermined gap 
(58) is formed between the outer face of the fil- 
ter holding part (51) and the filter (53) at least 
in surroundings of the gas introduction hole 
(52). 

21. The oxygen sensor as claimed in claim 20 wherein 
the auxiliary filter holding part (54) is formed with 
filter crimp parts (56, 57) for coupling the auxiliary 
filter holding part (54) to the filter holding part (51 ) 
via the filter (53) on both axial sides with the auxil- 
iary gas introduction hole (55): and 

a portion positioned b tween the filt r crimp 
parts (56, 57) of the auxiliary filter holding part 
(54) is bent outward together with the filter (53) 



37 



73 



EP 0 899 562 A2 



74 



to form a convex form, the auxiliary gas intro- 
duction hole (55) is made in the top of the con- 
vex part, the top of the convex part is flattened 
at least in surroundings of the auxiliary gas in- 
troduction hole (55), and the inner face of the 
filter holding part (5 1 ) adheres closely to the fil- 
ter (53) in the flattened part. 

22. The oxygen sensor as claimed in claim 21 wherein 
in the portion sandwiched between the crimp parts 
(56, 57). the auxiliary filter holding part (54) and the 
filter holding part (51 ) are bent outward larger than 
the corresponding portion of the filter holding part 
(51) and the gap (58) is formed between the filter 
holding part (51 ) and the filter (53) based on a bend 
amount difference between the auxiliary filter hold- 
ing part (54) and the filter holding-part (51 ). 

23. The oxygen sensor as claimed in claim 21 or 22 
wherein a plurality of the gas introduction holes (52) 
and a plurality of the auxiliary gas introduction holes 
(55) are made with a predetermined spacing along 
a circumferential direction in positional relationship 
corresponding to each other in an axial intermediate 
part in the filter holding part (51) and the auxiliary 
filter holding part (54): 

the filter (53) is placed so as to surround the 
filter holding part (51) in the circumferential di- 
rection: 

the auxiliary filter holding part (54) is formed 
with the crimp parts (56, 57) annularly along the 
circumferential direction of the auxiliary filter 
holding part (54) on both sides of the row of the 
auxiliary gas introduction holes (55), wherein 
the convex part is formed annularly between 
the crimp parts (56, 57): and 
the top of the convex part is flattened annularly 
and the auxiliary gas introduction holes (55) are 
made in the flattened part. 

24. The oxygen sensor as claimed in any of claims 20 
to 23 wherein the filter holding part (51) is formed 
with a concave part dented inward at least in sur- 
roundings of the gas introduction hole (52) and the 
gap (58) is formed between the filter holding part 
(51) and the filter (53) in the concave part. 

25. An oxygen sensor comprising: 

an oxygen sensing element (2) shaped like a 
shaft: 

a cylindrical casing (10) for housing said oxy- 
gen sensing el ment (2): 
a filter assembly (16) being placed almost co- 
axially with said casing (10) as a cylindrical 
body separate from said casing (10) and cou- 
pled to said casing (10) from a rear while allow- 



ing leads (20, 21. 25. 29) from said oxygen 
sensing element (2) to extend to the rear out- 
side of said filter assembly (16): and 
a coupling part for coupling said filter assembly 
5 (16) and said casing (10). wherein 

said filter assembly (16) comprises: 

a filter holding part (51 ) making a cylindrical 
form almost coaxially coupled to said cas- 
ing ( 1 5) from a rear of said casing (16), hav- 
ing an inside communicating with an inside 
of said casing (16), and being formed in a 
wall with one or more gas introduction 
holes (52): 

a filter (53) being placed so as to block the 
gas introduction hole or holes (52) in the 
filter holding part (51 ) from an inner or outer 
face side for rejecting permeation of liquid 
and allowing gas to pass through: and 
an auxiliary filter holding part (54) for fixing 
the filter (53) to the filter holding part (51 ), 
outside air introducing into said casing (10) 
through the filter (53) and the gas introduc- 
tion hole (52). 

26. The oxygen sensor as claimed in claim 25 wherein 
said casing (10) and said filter assembly (16) are 
formed as separate bodies and said filter assembly 
(16) is placed on the rear of said casing (10), then 
said coupling part is formed, thereby coupling said 
casing (10) and said filter assembly (16). 

27. The oxygen sensor as claimed in claim 25 or 26 
wherein said filter assembly (16) comprises: 

a filter holding part (51 ) being placed coaxially 
and integrally with the rear of said casing (10) 
so that an inside of the filter holding part (51) 
communicates with an inside of said casing 
(10) and formed in a wall with one or more gas 
introduction holes (52): 

a filter (53) being placed so as to block the gas 
introduction hole or holes (52) on an outside of 
the filter holding part (51 ) for rejecting permea- 
tion of liquid and allowing gas to pass through: 
and 

an auxiliary filter holding part (54) being formed 
like a cylinder placed on an outside of the filter 
(53) and formed in a wall with one or more aux- 
iliary gas introduction holes (55) for sandwich- 
ing the filter (53) between the auxiliary filter 
holding part (54) and the filter holding part (51 ), 
outside air introducing into said casing (10) 
through the auxiliary gas introduction hole (55), 
th filter (53), and th gas introduction hole 
(52). 

28. The oxygen sensor as claimed in claim 27 wherein 
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a plurality of the gas introduction holes (52) anc a 
plurality of the auxiliary gas introduction holes (55) 
are made with a predetermined spacing along a cir- 
cumferential direction in positional relationship cor- 
responding to each other in an axial intermediate = 
part in the filter holding part (51 ) and the auxiliary 
filter holding part (54): 

the filter (53) is placed so as to surround the 
filter holding part (51 ) in the circumferential di- io 
rection: and 

the auxiliary filter holding part (54) is formed 
with an annular filter crimp part (56. 57) along 
the circumferential direction of the auxiliary fil- 
ter holding part (54) by crimping the auxiliary 
Niter holding part (54) toward the filter holding 
part (51) with the filter. 

29. The oxygen sensor as claimed in claim 28 wherein 

the filter (53) is shaped like a cylinder along the out- 20 
er periphery of said casing (10): 

the filter crimp part (56, 57) is formed along the 
circumferential direction on the rear end of the 
auxiliary filter holding part (54): and 25 
a filter check part to visually check the filter (53) 
positioned between the auxiliary filter holding 
part (54) and the filter holding part (51) is 
formed on the rear end of the auxiliary filter 
holding part (54). 30 

30. The oxygen sensor as claimed in any of claims 25 
to 29 wherein the filter holding part (51) is placed 
so as to overlap said casing ( 10) at a tip of the filter 
holding part (51 ) from an outside: and 35 

an annular assembly coupling crimp pan (75) 
as the coupling part is formed in a circumferen- 
tial direction of the filter holding part (51) and 
said casing (10) by crimping the filter holding 40 
part (51) toward said casing (10) in the overlap 
and presses an inner peripheral surface of the 
filter holding part (51 ) against an outer periph- 
eral surface of said casing (10) in hermetic re- 
lation. 45 

31. The oxygen sensor as claimed in claim 30 wherein 
the filter holding part (51) has an axial front relative 
to a stepped part i60) formed in an axial intermedi- 
ate oart of the filter holding part (5 1 ) as a first portion so 
(61 ) and a rear as a second portion (62) so that the 
second portion (62) is made smaller in diameter 
than the first portion (61), the gas introduction hole 
(52) being made in a wall of the second portion (62): 
and 55 

the rear end part of said casing (10) is inserted 
into the first portion (61 ) of the filter holding part 



(51) to a position at which it abuts directly or 
indirectly via a member the stepped part (60) 
and the assembly coupling crimp part (75) is 
formed in the overlap occurring in the first por- 
tion (61) in the state. 

32. The oxygen sensor as claimed in claim 31 wherein 
the auxiliary filter holding part (51 ) has an inner di- 
ameter smaller than an outer diameter of the first 
portion (61). 

33. The oxygen sensor as claimed in any of claims 25 
to 32 further including a ceramic separator (18) be- 
ing placed so that a rear thereof enters the inside 
of the filter holding part (51 ) in an axial direction of 
said oxygen sensing element (2) and a front enters 
the inside of said casing (10) and formed with a plu- 
rality of lead insertion holes (72) axially penetrating 
said ceramic separator (18) for inserting leads (20, 
21. 28, 29) from said oxygen sensing element (2). 

34. The oxygen sensor as claimed in claim 33 wherein 
said ceramic separator (18) is formed with a sepa- 
rator support part (73) projecting from an outer pe- 
ripheral surface of said ceramic separator ( 1 8) at an 
intermediate position in an axial direction thereof: 

said ceramic separator (18) is placed so as to 
abut directly or indirectly via a member the rear 
end face of said casing (10) in the separator 
support part (73) in a state in which a portion 
positioned ahead the separator support part 
(73) is entered in the rear end inside of said cas- 
ing (10), and is placed in a state in which a por- 
tion positioned behind the separator support 
part (73) is projected to the outside of said cas- 
ing (10): and 

the filter holding part (51 ) is placed so as to al- 
low the projection of said ceramic separator 
(18) to enter the inside of the second portion 
(62) and cover it and abut directly or indirectly 
via a member the separator support part (73) 
in the stepped part (60) from an opposite side 
to said casing (10). 

34. The oxygen sensor as claimed in claim 33 
wherein said ceramic separator (18) is formed with 
a separator support part (73) projecting from an out- 
er peripheral surface of said ceramic separator (16) 
at an intermediate position in an axial direction 
thereof: 

said ceramic separator (18) is placed so as to 
abut directly or indirectly via a member the rear 
end face of said casing (10) in th s parator 
support part (73) in a stat in which a portion 
positioned ahead the separator support part 
(73) is enter d in the rear end inside of said cas- 
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ing (10), and is placed in a state in which a por- 
tion positioned behind the separator support 
part (73) is projected to the outside of said cas- 
ing (10): and 

the filter holding part (51 ) is placed so as to al- 
low the projection of said ceramic separator 
(18) to enter the inside of the second portion 
(62) and cover it and abut directly or indirectly 
via a member the separator support pan (73) 
in the stepped part (60) from an opposite side 
to said casing (10). 

35. The oxygen sensor as claimed in claim 34 wherein 
said ceramic separator (18) is formed with a venti- 
lation communication part (93) axially penetrating 
said ceramic separator (18) from the rear end face 
to the front end face thereof for introducing outside 
air flowing in through the gas introduction hole (52) 
into the inside of said casing (10) and the rear end 
face is positioned behind the gas introduction hole 
(52). 

36. An oxygen sensor (1) comprising: 

an oxygen sensing element (2) shaped like a 
hollow shaft with a tip closed: 
a shaft-like heating element (3) being placed in 
the hollow part of said oxygen sensing element 
(2) for heating said oxygen sensing element (2): 
a cylindrical casing (10) for housing said oxy- 
gen sensing element (2): and 
a ceramic separator (18) being placed almost 
coaxially with a rear end of said oxygen sensing 
element (2) and formed with a plurality of lead 
insertion holes (72) axiatly penetrating said ce- 
ramic separator (18) for inserting leads (20. 21 , 
23, 29) from said oxygen sensing element (2) 
and said heating element (3): wherein 
the lead insertion holes (72) are arranged so as 
to surround a center axis of said ceramic sep- 
arator (18): 

said ceramic separator (18) is formed with a 
heating element end housing hole (102) 
opened at one end in the front end face of said 
ceramic separator (18) with a bottom posi- 
tioned in an axial intermediate part of said ce- 
ramic separator (18) and an inner diameter set 
larger than an outer diameter of said heating 
element (3), the heating element end housing 
hole ( 1 02) being formed by cutting away a cent- 
er of said ceramic separator (1 8) so as to over- 
lap the separator lead insertion holes (72) from 
the insid and the rear end part of said heating 
el ment (3) b ing housed in the heating ele- 
ment end housing hole: and 
said heating el ment (3) is offs t so that a cent- 
er axis ther of is one-sided with respect to a 
center axis of the hollow part of said oxygen 



sensing element (2) in the proximity of a heating 
part of said heating element (3). 

37. The oxygen sensor as claimed in claim 36 wherein 
5 the lead insertion holes (72) are made so • t cent- 
ers thereof are positioned on a phantom c umter- 
ential path, which is hereinafter referred ; as the 
pitch circle: and 

w the inner diameter of the heating element end 

housing hole (102), d1. is set smaller than a di- 
ameter of the pitch circle. d2. 

38. The oxygen sensor as claimed in claim 36 or 37 
is wherein the lead insertion holes (72) are made so 

that centers thereof are positioned on a phantom 
circumferential path, which is hereinafter referred to 
as the pitch circle: and 

20 a ratio between the pitch circle diameter d2 and 

an outer diameter of the heating element end 
housing hole, D. d2/D. is adjusted in a range of 
1.7 to 2.8 

25 39. The oxygen sensor as claimed in any of claims 36 
to 38 wherein a ratio between a depth h and the 
inner diameter d1 of the heating element end hous- 
ing hole (102), h/dl, is set to 1 .2 or less. 

30 40. An oxygen sensor (1 ) comprising: 

an oxygen sensing element (2) shaped like a 
shaft; 

a cylindrical casing (10) for housing said oxy- 

35 gen sensing element (2): 

a ceramic separator (18)- being placed in said 
casing (10) and formed with a plurality of lead 
insertion holes (72) axially penetrating said ce- 
ramic separator for inserting leads (20, 21 , 28, 

40 29) from said oxygen sensing element (2): and 

an elastic seal member (17) being coaxially in- 
tegrated with a rear opening or a rear of said 
casing (10) and having an inside fitted elasti- 
cally into an inside of a different cylindrical body 

45 communicating with said casing (10) and seal 

lead insertion holes (72) for inserting the leads 
(20, 21 , 28, 29) for sealing a gap between outer 
faces of the leads (ZO, 21, 28, 29) and an inner 
face of said casing (10) or the different cyfindri- 

so cal body: wherein 

an axial rear end face of said ceramic separator 
(18) adheres cios ly to an axial front end face 
of said elastic seal member (17), that said ce- 
ramic separator ( 1 6) is formed with a v ntilation 

55 communication part (97) axially penetrating 

said ceramic separator, and that an opening of 
the ventilation communication part (97) on a 
side near to said elastic seal member (18) in 
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the axial direction is made at a position where 
the opening is not shielded by said elastic seal 
member (17V 

41. The oxygen sensor as claimed in claim 40 wherein s 
said ceramic separator (18) is formed with a through 
hole (95) for axial ventilation in addition to the sep- 
arator lead insertion holes (72) and is formed on the 
rear end face with a ventilation groove (94) commu- 
nicating with the through hole (95) for ventilation at to 
one end and opened to an outer peripheral surface 
of said ceramic separator (18) at an opposite end. 
the through hole (95) for ventilation and the ventila- 
tion groove making up the ventilation communica- 
tion part (97). /s 

42. The oxygen sensor as claimed in claim 41 wherein 
said oxygen sensing element (2) is formed like a 
hollow shaft with a tip closed and a shaft-like heat- 
ing element (3) for heating said oxygen sensing el- 20 
ement (2) is placed in the hollow part: 

said ceramic separator (18) has the four sepa- 
rator lead insertion holes (72) for inserting the 
leads (29. 21 , 28. 29) from said oxygen sensing 25 
element (2) and the heating element (3) so that 
centers of the lead insertion holes (72) are po- 
sitioned on a phantom circumferential path, 
which is hereinafter referred to as the separator 
pitch circle: 30 
the through hole (95) for ventilation is made in 
an area surrounded by the four separator lead 
insertion holes (72) at a center of said ceramic 
separator (18): and 

the ventilation groove (94) is shaped like a 35 
cross at a position not interfering with the four 
separator lead insertion holes (72) on the rear 
end face of said ceramic separator (18). 

43. The oxygen sensor as claimed in any of claims 40 *o 
to 42 wherein said ceramic separator (18) is formed 
with a separator support part (73) like a flange pro- 
jecting from an outer peripheral surface of said ce- 
ramic separator (18) at an intermediate position in 
an axial direction thereof, is placed so as to abut 
directly or indirectly via a member the rear end face 
of said casing (1 0) in the separator support part (73) 
in a slate in which a portion positioned axially ahead 
the separator support part (73) is entered in the rear 
end inside of said casing (10), and is placed in a so 
state in which an axial rear portion is projected to 
the outside of said casing (10): 

the projection of said ceramic separator (18) 
from said casing (10) is covered with a cover 55 
member as the different cylindrical body from 
the outside: and 

one or a plurality of the ventilation communica- 



tion parts (93) are formed so as to axially pen- 
etrate the flange part of said ceramic separator 
(18). 

44. The oxygen sensor as claimed in claim 43 wherein 
the ventilation communication part (93) is a plurality 
of grooves or notches made at predetermined angle 
intervals in an outer peripheral surface of the flange 
part. 

45. An oxygen sensor (1 ) comprising: 

an oxygen sensing element (2) shaped like a 
shaft: 

a cylindrical casing (10) for housing said oxy- 
gen sensing element 12): 
a gas introduction structure (16) comprising a 
filter holding part (51 ) making a cylindrical form 
almost coaxial with said casing (10) on a rear 
of said casing (10), having an inside communi- 
cating with an inside of said casing (10), and 
being formed in a wall with one or more gas in- 
troduction holes (52), a filter (53) being placed 
so as to block the gas introduction hole or holes 
(52) on an outside of the filter holding part (51) 
for rejecting permeation of liquid and allowing 
gas to pass through, and an auxiliary filter hold- 
ing part (54) being formed like a cylinder placed 
on an outside of the filter (53) and formed in a 
wall with one or more auxiliary gas introduction 
holes (55) for sandwiching the filter (53) be- 
tween the auxiliary filter holding part (54) and 
the filter holding part (51), for introducing out- 
side air into said casing (10) through the auxil- 
iary gas introduction hole (55). the filter (53), 
and the gas introduction hole (52): wherein 
the filter holding part (51 ) has an axial front rel- 
ative to a stepped part (60) formed in an axial 
intermediate part of the filter holding part (51) 
as a first portion (61 ) and a rear as a second 
portion (62) so that the second portion (62) is 
made smaller in diameter than the first portion 
(61 ), the gas introduction hole (52) being made 
in a wall of the second portion (62): 
the auxiliary filter holding part (54) is placed so 
as to spread across the first and second por- 
tions (61, 62) of the filter holding part (51): 
a main coupling part for coupling the filter hold- 
ing part (51 ) and the auxiliary filter holding part 
(54) to each other with the filter (53) between 
is formed at a position corresponding to the 
second portion (62): and 

an auxiliary coupling part for coupling the filter 
holding part (5 1 ) and th auxiliary filter holding 
part (54) to each other is formed at a position 
corresponding to th first portion (61 ). 

i. The oxygen sensor as claimed in claim 45 wherein 
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the filler (53) is placed so as to circumferentially sur- 
round only the second portion (62) of the filter hold- 
ing part (51 i: 

the main coupling part is an annular main crimp ■£ 
part (76) formed along the circumferential di- 
rection of the second portion (62) by crimping 
the auxiliary filter holding part (54) toward the 
second portion (62) of the filter holding part (51) 
with the filter (53): and 10 
the auxiliary coupling part is an annular auxil- 
iary crimp part (77) formed along a circumfer- 
ential direction of the first portion (61 ) by direct- 
ly crimping the auxiliary filter holding part (54) 
toward the first portion (61 ) of the filter holding ^ 
part (54). 

47. The oxygen sensor as claimed in claim 46 wherein 
a plurality of the gas introduction holes (52) and a 
plurality of the auxiliary gas introduction holes (55) 20 
are made with a predetermined spacing along a cir- 
cumferential direction in positional relationship cor- 
responding to each other in an axial intermediate 
part in the filter holding part (51) and the auxiliary 
filter holding part (54): and 25 

the mam crimp part (76) contains two crimp 
parts formed on both sides with the row of the 
gas introduction holes (52) or the auxiliary gas 
introduction holes (55) 30 

48. An oxygen sensor (1 ) comprising: 

an oxygen sensing element (2) shaped like a 
shaft: 35 
a cylindrical casing (10) for housing said oxy- 
gen sensing element (2): 
a gas introduction structure (16) having a filter 
holding part (51) making a cylindrical form al- 
most coaxial with said casing (10) on a rear of *o 
said casing (10), having an inside communicat- 
ing with an inside of said casing (10), and being 
formed in a wall with one or more gas introduc- 
tion holes (52) and a filter (53) being placed so 
as to block the gas introduction hole or holes 
(52) of the filter holding part (51) for rejecting 
permeation of liquid and allowing gas to pass 
through, said gas introduction structure (16) for 
introducing outside air into said casing (10) 
through the filter (53) and the gas introduction so 
hole or holes (52): 

a ceramic separator (18) being placed so that 
a rear thereof enters the inside of the filter hold- 
ing part (51 ) in an axial direction of said oxygen 
sensing elam nt (2) and a front enters the in- ss 
sid of said casing (10) and form d with a plu- 
rality of lead insertion holes (72) axiaily pene- 
trating said ceramic separator (18) for inserting 



leads (20. 2 1 . 28. 29) from said oxygen sensing 
element (2): and 

an elastic seal member (17) being fitted elasti- 
cally into a rear opening of the filter holding part 
(51) and having seal lead insertion holes (91) 
for inserting the leads (20. 21 . 28. 29) for seal- 
ing a gap between outer faces of the leads and 
an inner face of the filter holding part (51): 
wherein 

an rear end face of said ceramic separator (18) 
is positioned on the rear side behind the gas 
introduction hole (52) in the axial direction and 
a predetermined gap is formed between said 
elastic seal member (1 7) and said ceramic sep- 
arator (18) at least at the lead insertion position. 

49. The oxygen sensor as claimed in claim 48 wherein 
said ceramic separator (18) is formed with a venti- 
lation communication part (97) axiaily penetrating 
said ceramic separator ( 1 8) for introducing gas into 
the inside of said casing (10) from the gap side in 
addition to the separator lead insertion holes (91). 

50. The oxygen sensor as claimed in claim 48 or 49 
wherein said oxygen sensing element (2) is formed 
like a hollow shaft with a tip closed and a shaft-like 
heating element (3) for heating said oxygen sensing 
element (2) is placed in the hollow part: 

said ceramic separator (18) has the three or 
more separator lead insertion holes (72) for in- 
serting the leads (20, 21 , 28, 29) from said ox- 
ygen sensing element (2) and the heating ele- 
ment (3) so that centers of the lead insertion 
holes (72) are positioned on a phantom circum- 
ferential path, which is hereinafter referred to 
as the separator pitch circle: 
said elastic seal memoer (17) has the three or 
more seal lead insertion holes (91 ) for inserting 
the leads (20, 21. 28, 29) from said oxygen 
sensing element (2) and the heating element 
(3) so that centers of the lead insertion holes 
(91 ) are positioned on a phantom circumferen- 
tial path, which is hereinafter referred to as the 
seal pitch circle: and 

the separator pitch circle and the seal pitch cir- 
cle are set so that the diameter of one is larger 
than that of the other. 

51. The oxygen sensor as claimed in any of claims 48 
to 50 wherein said elastic seal member (17) is 
form d on a front nd face with a gap definition pro- 
jection whose tip abuts the rear end face of said ce- 
ramic separator ( 1 8) for defining th siz of the gap. 

52. Th oxyg n sensor as claimed in claim 51 wh r in 
the gap definition projection is formed in an ar a of 
the front end face of said elastic seal member (17), 
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positioned inside the seal lead insertion holes ar- 
ranged on the seal pitch circie: and 

the diameter of the separator pitch circle is set 
larger than that of the seal pitch circle. s 

53. The oxygen sensor as claimed in any of claims 43 
to 50 wherein said elastic seal member (17) is 
formed in a rear end margin with a flange part pro- 
jecting outward from an outer peripheral surface 10 
and abuts the rear end face of the filter holding part 
(51) in the flange part, whereby the front end face 
position of said elastic seal member \ 1 7) in the filter 
holding part is defined. 
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FIG. 2 
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FIG. 3 
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FIG. 4A 
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FIG. 5A FIG. 5B 
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FIG. 6A 
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FIG. 7 
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FIG. 9 
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FIG. 16 
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FIG. 17A 
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FIG. 19A 72 
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FIG. 25 
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FIG. 26A FIG. 26B 
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FIG. 27A FIG. 27B 
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FIG. 28A 
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FIG. 30A FIG. 30B FIG. 30C 
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FIG. 31 
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FIG. 34 
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FIG. 36A 
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FIG. 37 




78 



EP 0 899 562 A2 



FIG. 38A FIG 




O10 — ~. 



FIG. 38C 



26 




79 



EPO 899 562 A2 



FIG. 39 




tan0=-i 



d=Ltan<? 

0.1*^^^0.5" 
0.0017L^d^0.0087L 



80 



EP 0 899 562 A2 
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